
























































PRACTICAL 
HEATING SYSTEMS 
TROUBLE JOBS 


AND 


VENTILATION 


The Fundamental Principles and 
Practical Installation of Hot Water, 
Steam, Vapor, Vacuum and Air Line 
Heating Systems. Troublesand Rem- 
edies. The Principles of Ventilation. 


With Special Chapters on 


Radiation, Boilers, Gas, Oil Burners, Copper Radiators, Stokers, 
Electric Heating Boilers, Steam Traps, Greenhouse Heating, 
Trouble Jobs, Thawing Pipes by Electricity 


By 
E. W. RIESBECK, M. E. 


Consulting Engineer 


Sixty-one Tables, Covering Every Phase 
of Heating, and Eighty Illustrations. 


CHICAGO 


FREDERICK J. DRAKE & CO. 
Publishers 


























CoryRigHtT 1927 
BY 
FRrevericK J. Drake & Co. 
CHICAGO 


CopyricHT 1927 
BY 
E. W. Riesseck 





PRINTED IN THE UNITED STATES OF AMERICA 








PREFACE 


HE author of this work, Mr. E. W. Riesbeck, is, we 

believe, well known to practically all of the heating 
trade, hospitals, institutions and school boards, through 
the many articles he has published in various trade journals 
during the last six years. His experience as a service and 
consulting engineer on heating, ventilating and power-plant 
work throughout the United States and Canada covers a 
period of twenty-one years. During this time he has been 
called upon to solve about every kind of problem that is 
presented in heating and ventilating plants. 

The principal consideration in this book has been given 
to the fact that all jobs must be installed to produce results, 
and also looking toward economical operation of the plant. 
Special emphasis is laid upon proper layouts, proper pipe 
sizes, and best methods of piping, to insure permanent 
results. In each case thorough explanations are incorpo- 
rated so that the reader may see why certain recommenda- 
tions are made and why certain things should not be done. 

This book is intended as a daily guide to all who have 
to do with heating, ventilating and power plant problems, 
steam installations, as well as domestic hot water service. 
The tables are based upon practical experience and test 
data obtained by research work over a period of years. In 
compiling all of these tables, it has been the idea of the 
author to save the time of architects, heating engineers, 
superintendents, etc., in figuring out the requirements on 
any given job. It is believed that these tables will prove 
invaluable to those who have such calculations to make. 
The illustrations have been carefully made and will assist 
the reader in obtaining a fuller understanding of the text. 
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4 PREFACE 


The title of the book is full and explicit. Special em- 
phasis, however, throughout the work, is laid upon trouble 
Jobs—the solution of practical, every-day problems that are 
met with in all kinds of heating plants. Special chapters 
are devoted to copper radiators and to electric heating 
With the continual reduction in the cost of electricity, 
electric heating is rapidly coming into more general use, 
so it is hoped that this feature of the work will prove highly 
valuable to those who are installing this kind of heating 
apparatus. 3 
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CHAPTER I 


HOW TO FIGURE RADIATION FOR ANY KIND 
OF BUILDING 


if The most important thing in the layout of a heating 
Hl. plant, to assure rooms at %0° F. when the outdoor tempera- 
} ture ranges between 32° F. and 20° F. below zero, is to 
figure the correct amount of radiation required. If too 
much radiation is figured, the job will be too costly ; if too 
little is installed, the rooms will be cold. 

The basis of all radiation is the amount of heat delivered 
to the air in the room per square foot of radiation installed. 
In hot water heating plants this figure is taken as 150 

| 4 B. T. U.*—on vapor and steam plants as 240 B. T.W, 
This difference explains why more radiation must be in- 
| stalled on hot water jobs. The reason for the difference 
| is the fact that the temperature of the water in a hot water 
it heating boiler is seldom over 160° F. and most of the 
it time less, while the temperature of vapor OT steam is 
| 


= 





212° F. or more. The method of figuring radiation differs 
widely. For a number of years the Mills rule has been 
used by most heating engineers. ‘This rule considers 
1 sq. ft. of radiation necessary for each 20 sq. ft. 
*British Thermal Unit, the heat necessary to raise the temperature of 
one pound of water one degree. 
[15] 





16 PRACTICAL HEATING SYSTEMS 
we WOW TO FIGURE RADIATION 17 
of exposed wall surface. One square foot of radiation : 
for every 2 sq. ft. of glass area and outside doors 
ie 5 re TABLE I 

also 1 sq. ft. for each 200 cu. ft. of room area. 10 
| figure radiation properly, we must know the number B. T. U. Transmirrep PER Sq. Fr. Per Hour 
of square feet of outside, exposed wall surface, the number For Varrous MATERIALS 































of square feet of glass in the room, and the cubical con- 







































































tents of the room. The number of square feet of exposed Thickness | Temperature Difference Between 
outside wall is found by multiplying the length of the in Inches Outside and Inside 
wall by the room height. The number of square feet of 1° | 20° | 40° | 60° | 70° | 80° 
glass is found by multiplying the height of all windows e : sail 7al ie rea aes 
by the width, including sash. All doors leading to the out- ), Plain 12 580 | 56 | 11.2 16.9 | 19.7 | 22.5 
side must be figured the same as glass. Bak 18 500 | 4.5 | 8.8 | 13.2 | 15-4 | 17.6 
The cubical contents of a room is found by multiplying Wall 24 15 38! 7.0 | 10.4 | 12.2 | 13.9 
| the length in feet by the width in feet and multiplying this 9 o17 | 4.3| 8.7 | 13.0 | 15.2 | 17.4 
\} result by the height of the room in feet. Brick 12 185 
When the areas of the wall, the glass area and the cubic bit Fe ,| wt re 
\}- contents have been found, each must be multiplied by the tale erence] ee evel ere 
separate coefficient for the wall—glass or cubic content as Wood Wall 
given in Table I. Partitions, floors or ceilings adjoining ’ — 20 | 4.0} 8. 0 | 14.0 | 16.0 
an unheated room or unheated space must be figured the Wood floor 
| same as outside walls. If the adjoining rooms are heated, Solid Wood % “p47 | 10.9 wer’ 
| partitions, ceilings or floors need not be taken into Walls or | 134 "370 | 7.4 29.6 
} consideration. ry Floors 25% 279 | 5.6 22.3 
The coefficients given in Table I vary. There is a Hollow 2 Foo | ea | 164 [245 | 28.6 | 92.7 
separate coefficient for different materials, but only one for ; Tile | 4 325 | 6.5 26.0 
the cubic contents of a room. The coefficients in Table I = Plastered Ie rink Woes 112 | 16.9 | 19-7 | 22.5 
represent the B. T. U. lost by the infiltration of air through 2 ‘7g | 15.7 62.7 
the material mentioned in the table. These heat units must ' Concrete. ...--- 3 «| .714 | 14.8 57.0 
| be replaced by heat from the radiator. Therefore, knowing : peo es yes 
I the heat loss through a-square foot of wall, for instance, if —_—— - ee ee 
j we multiply the total wall area by the heat transmission. c0- Windowes f.00.% bee od ae a 3 
i efficient, we have the square feet of radiation required to fee ates 7h ee ee Se Peseta Reba arta incite Boies 8 ved 
cover the loss. The same calculation is applied to the Cubical contents 
i glass, etc. : or infiltration] Gy, Ft. 
| The coefficient given in Table I represents the infiltra- pant Bes Contents ¢| 02 | .36 1.44 
‘tion at a room temperature of 70° F. with outdoor tempera- om Outside air 0°; times } 


M ture at zero and one air change per hour (B. T. U. loss per inside air 70° 

, — ut i ee eee ee RT! = COREE GS St 
In sixth line from bottom read “we have the B. T. U’s. 
required,” instead of: “we have he square feet of radiation } 


required.” | 
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TABLE II* 
Square Freer oF WALL SurracE FoR HousE HEATING 



































Height of Running Feet of Exposed Wall Without Regard to Window Openings 
Ceiling in Ft. |6 7 S) 9. ] 10 1dr | 22 | 23 | 24] 15 |. 16 | Tepes 19 | 20 

8 48 56 64 72 80 88 96 | 104 | 112 | 120 | 128 | 136 144 | 152 | 160 | 168 | 176 | 184 192 
4 84 51 60 68 76 85 94 | 102 | 110 | 119 | 127 136 | 145 | 153 | 162 | 170 | 178 187 | 195 | 204 
9 9 54 63 72 81 90 99 | 108 | 117 | 126 | 135 | 144 153 | 162 | 171 | 180 | 189 | 198 207 | 216 
ia 9% 57 66 76 86 95 | 105 | 114 | 123 } 133 442 | 152 | 161 | 171 | 181 | 190 200 | 209 | 218 | 228 
“4 10 60 70 80 90 | 100 | 110 | 120 | 130 140 | 150 | 160 | 170 | 180 | 190 200 | 210 | 220 | 230 } 240 
Hw 10% 63 73 84 94 | 105 | 115 | 126 | 136 147 | 157 | 168 | 178 | 189 199 | 210 | 220 | 231 | 242 252 
A 11 66 77 88 99 | 110 | 121 | 132 | 143 154 | 165 | 176 | 187 | 198 | 209 220 | 231 | 242 | 253 | 264 
~ 4 114% 69 80 92 | 104 | 115 | 126 | 138 149 | 161 | 172 | 184 |] 195 207 | 218 | 230 | 241 | 253 | 265 276 
ie] 12 72 84 96 | 108 | 120 | 132 | 144 156 | 168 | 180 | 192 | 204 | 216 | 228 | 240 | 252 264 | 276 | 288 
12% 75 | 87 | 100 | 112 | 125 | 137 | 150 162 | 175 | 187 | 200 | 212 | 225 | 238 250 | 262 ; 275 | 287 | 300 
a 13 78 91 | 104 | 117 | 130 | 143 156 | 169 | 181 | 195 | 208 921 | 234 | 247 | 260 | 273 | 286 299 | 312 
3 14 84 98 | 112 | 126 | 140 | 154 168 | 182 | 196 | 210 | 224 238 | 252 | 266 | 280 | 294 | 308 322 | 336 

g Height of Running Feet of Exposed Wall Without Regard to Window Openings 
Fy Ceiling in Ft. 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 
© 8 200 | 208 | 216 | 224 | 232 240 | 248 | 256 | 264 | 272 280 | 288 | 296 | 304 | 312 | 320 328 | 336 | 344 
8% 212 | 221 | 230 | 238 | 246 255 | 263 | 272 | 280 | 289 298 | 306 | 315 | 323 | 332 340 | 349 | 357 | 366 
E 9 225 | 234 | 243 | 252 | 261 270 | 279 | 288 | 297 | 306 | 31 5 | 324 | 333 | 342 ) 351 360 | 369 | 378 | 387 
O° 9% 237 | 247 | 256 | 266 | 275 285 | 294 | 304 | 313 | 323 332 | 342 | 351 | 361 | 370 | 380 389 | 399 | 408 
i 10 250 | 260 | 270 | 280 | 290 300 | 310 | 320 | 330 | 340 350 | 360 | 370 | 380 | 390 400 | 410 | 420 | 430 
10% 262 | 273 | 283 | 294 | 305 | 315 | 325 336 | 346 | 357 | 367 | 378 | 388 | 399 | 409 420 | 430 | 441 | 451 
11 275 | 286 | 297 | 308 | 319 | 330 } 341 | 352 363 | 374 | 385 | 396 | 407 | 418 | 429 440 | 451 | 462 | 473 
11% 287 | 299 | 310 | 322 | 333 345 | 356 | 368 | 379 | 391 403 | 414 | 426 | 437 | 449 460 | 471 | 483 | 494 
12 300 | 312 | 324 | 336 | 348 360 | 372 | 384 | 396 | 408 420 | 432 | 444 | 456 | 468 | 480 492 | 504 | 516 
12% 312 | 325 | 337 | 350 | 362 375 | 387 | 400 | 412 | 425 437 | 450 | 462 | 475 | 487 | 500 512 |°525 | 537 
13 325 | 338 | 351 | 364 | 377 390 | 403 | 416 | 429 | 442 455 | 468 | 481 | 494 | 507 520 | 533 | 546 | 559 
14 350 | 364 | 378 | 392 | 406 420 | 434 | 448 | 462 | 476 490 | 504 | 518 | 532 | 546 560 | 574 | 588 | 602 





*By Courtesy of American Radiator Company. 
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TABLE IVY* 
Cupnic Air ContTENTS oF Rooms 











SIZE OF ROOMS IN FEET (Use Nearest Size) 














3x1614]4x1834] 5x20 6x21 7x2114| 8x22 9x22 |10x2214)11x23 /12x23 ]13x23 |14x23) [15x23 |16x2314]17x234 
4x1214|5x15 6x1614| 7x18 8x1834] 9x1914]10x20 |11x20!9)12x21 [13x21 |14x2114]15x22 [16x22 |17x22 |18x2214 
5x10 |6x12%] 7x14] 8x1514] 9x1614/10x1744|11x18 |12x1834|13x19 [14x20 |15x20 |16x20 |17x2014|18x2114|19x2114 
6x 814/7x1014] 8x1214| 9x14 |10x15 {11x16 {12x1614]13x1714]14x18 [15x18 |16x1814]17x1914/18x1914|19x2014]20x20 
7x 7 {8x 944} 9x11 |[10x1214]11x1314]12x1414]13x1544]14x16 = |15x1614]16x1714]17x1734|18x18 |19x18 |20x19 |21x19 
8x 614/9x 844/10x10 = |11x11}4]12x12}4]13x1334/14x1434/15x15 16x15 [17x16 =|18x16 {19x17 {20x17 21x18 |22x18 
Height of 
Ceilings AIR SPACE IN ROOMS IN CUBIC FEET 
8 400 | 600 800 1000 | 1200 1400 1600 | 1800 | 2000} 2200] 2400 | 2600 | 2800] 3000]| 3200 
84% 425 | 640 850 1060 1275 1490 1700 1910 | 2125 | 2340 | 2550] 2760 | 2975 | 3190] 3400 
9 450 | 675 900 1125 | 1350] 1575 1800 | 2020 | 2250] 2480] 2700] 2920] 3150] 3370] 3600 
9% 475 | 715 950 1190 | 1425 1660 1900 | 2140 | 2375] 2610 | 2850} 3090] 3325] 3560] 3800 
10 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000 
10% 525 | 790 1050 | 1310 | 1575 | 1840] 2100 | 2360] 2625] 2890 | 3150 | 3420] 3675] 3940] 4200 
tT 550 | 825 1100 1375 1650 1925 | 2200 | 2480} 2750] 3030 | 3300 | 3580] 38850| 4130} 4400 
11% 575 | 860 1150 1440 1725 | 2010} 2300} 2600] 2875 | 3170! 3450 | 3740} 4025] 4310] 4600 
12 600 | 900 1200 1500 1800 | 2100} 2400} 2700} 3000] 3300] 3600] 3900 | 4200] 4500} 4800 
12% 625 |} 940] 1250} 1560] 1875] 2190] 2500] 2820] 3125] 3440} 3750] 4070] 4375] 4690] 5000 
13 650 | 980 1300 | 1625 1950 | 2280 | 2600 | 2930 | 3250] 3580] 3900] 4240.| 4550 | 4880} 5200 
13% 675 | 1010 1350 1690 | 2025 | 2360} 2700 | 3040 | 3375 | 3720 | 4050 | 4400} 4725] 5060 | 5400 
14 700 | 1050 1400 1750 | 2100 | 2450} 2800 | 3160 | 3500 | 3860} 4200 | 4550 | 4900} 5250| 5600 
14% 725 | 1085 1450 1810 | 2175 | 2540} 2900] 3260] 3625 | 4000 | 4350 | 4700} 5075} 5440 5800 
15 750 | 1125 1500 1880 | 2250 | 2620} 3000} 3380] 3750 | 4140] 4500] 4880] 5250] 5625] 6000 




















*By Courtesy of American Radiator Company. 
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— ey = 3 AVERAGE TEMPERATURE, LOWEST TEMPERATURE, VELOCITY 
& ¥ 
RB) aee Zions esa |o or WIND AND DIRECTION OF PREVAILING WINDS 
ie i A Sadan a fe Frou Ocroper 1 To May 1 
° 
/ ~~ 
{ 8 SRE | RRS g 333 8 Average Lowest | Aver. Wind | Direction 
Nn 2 State City Tempera- | Tempera- Velocity | Prevailing 
| ny 2 ture °F ture °F |Miles per Hr. Winds 
' = T=] i=) 3 
! S & | aaa 3 | 288 $ (ang 13 Ala. | Mobile N. 
| =) ie 5 \ Birmingham 53. N. 
| fs = iS 8 Ariz. 3 ewe 59. E. e 
amo agsta: : . W. 
a ta 38) AAS R(22N |8 Ark. | Fort Smith 9.5 i E. 
p ? Se Little Rock 51.6 : N. W. 
i} a 3 » Calif. | San Francisco 54.3 ‘nb Np 
fot bans Bea‘) a oe) Nn os Angeles 58. salve . 
Sees | |e he Colo. | Benvet, ms | —3 | t4 | Es 
| rand Junction I _— 7 . B. 
| a ‘. 3 by ¥ Conn. | New Haven 38.0 —14 9.3 N. 
e |e! [Se lal si/sse |B 8 aes |g D. Washington 43.2 —15 a3 N. W. 
: z a gx Q ete | Pee Fla. Jacksonville 61 9 10 3 2 N. E. 
{ & Leal pe) Ga. Atlanta ri _ 3 . WwW. 
) o 3 Savannah 58.4 8 8.3 N. W. 
B |g] Sloe |S] glaze lm] Blase | Idaho | Lewiston 42.5 —13 4.7 E. 
em 18 < RA aaa Pocatello 36.4 —20 913 §.E. 
| aa : : ‘ ee ee 
jez . pringfie! 3 — - 3 We 
| S 1%| 8)res | 2) 8] ase Z| Sinan |4 Ind. Indianapolis 40.2 —25 11.8 8. 
Ae lz Z n 2 Evansville 44.1 —15 8.4 8. 
{ 4 a C a E Towa | Dubuque 33.9 —2 $3 N. W. 
“1 ) ioux City 5 _— i‘: sows 
2 |S] B/S [a] 8) S88 12 8iene |s Kan. | Concordia 38.9 —25 7.3 N. 
rat fa B * 3 Dodge City 40.2 —26 10.4 N.W. 
So ay OTe 5 fe Fs Ky. Louisville 45.2 —29 9.3 8. W. 
4 ° E Orl 61.5 9.6 N. 
= lal wlere 18] §|°ex 8 nae. | Sh La. New Orleans i ‘ 
GB 19 bd | OR bes eee a ode Sherveport 56.2 —5 7% 8. E. 
= |a a 0 be ° Me. Eastport 31.1 —23 13.8 Ww. 
mm |e D | 3 Portland 33.6 17 10.1 N. W. 
\ fe Bl Sjesm JS) wyren fe Slaow |@ Md. Baltimore 43.6 —7 7.2 N. W. 
/ 3 | es " |e © 8 Mass. | Boston 37.6 —13 11.7 Ww. 
o fe) . Mich. | Alpena 29.1 —27 11.3 Ww. 
I 5 & Detroit 35.4 —24 48.4 Sg. W. 
a eg a) ors aaees: |" pera 35.1 =i itt Nw. 
; a Minn. ulut! 5 . js Ws 
4 § : Minneapolis 29.6 —33 11.5 N.W. 
} 2 Miss. | Vicksburg 56.0 ag i 7.6 8. E. 
i| 8 g| wer ~@ | mee Sjron |g Mo. | St. Joseph 40.3 —24 911 N. W. 
} a ei mom GS St, Lous 43.3 29 11:8 N_W. 
= sad = . Louis . + 3 WV. 
| bp és Supi Speingteld | 4 8 11.3 3 E. 
' a a| “te ne | aa Biron | 8 yee bog 27.7 —87 "8:7 8. W. 
| a z Nebr. | Lincoln 37.0 —29 10:9 N. 
| 3 a cs 
| ev. ‘onopal . _ “ 3. EK. 
dein =i pa Biers |: Winnemucca 37.9 —28 9.5 N. E. 
ts 2 N.H. | Concord 33.4 —35 6.0 N. W. 
: PB N.J Atlantic City 41.6 oe 10.6 N. Ww. 
12 | AIH bd Buk. Alban: i —2 4 i 
ty eh dhe ah Le W Buffalo 34.7 14 17.7 W. 
S New York 40.3 —6 13.3 N.W. 
i ia ME 3 Cc. aleig ‘ —_ ‘ . Ww. 
| 888 (| 888 Bless |< Wilmington 53.1 5 8.9 8. W. 
a) see ¥|se2 &| 83s N.D. | Bismarck 24.5 —45 ee N. W. 
are are are Devil's Lake 18.9 —44 i114 Ww. 
Ohio Cleveland 36.9 —17 14.5 Ss. W. 
Columbus 39.9 —20 913 S.W. 
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TABLE VI—Continued 


AvERAGE TEMPERATURE, LowEST TEMPERATURE, VELOCITY 


OF WIND AND DIRECTION OF PREVAILING WINDS 
From Ocroser 1 To May 1 

















Average Lowest Aver. Wind | Direction 

Tempera- Tempera- Velocity Prevailing 

ture °F ture °F |Miles per Hr.| Winds 
Oklahoma City 48.0 —17 
Baker 34.1 —20 % z 5 ‘E 
Portland 45.9 —2 6.5 are 
Philadelphia 41.9 —6 11.0 N. W 
Pittsburgh 40.8 —20 13.7 N. W. 
Providence 37.6 —9 14.6 N.W. 
Charleston 56.9 7 11.0 No. 
Columbia 53.7 = 8:0 NIE 
Huron 28.1 —43 11.5 N.W 
Rapid City 32.3 —34 75 Ww. 
Knoxville 47.0 —16 6.5 Ss. W 
Memphis 50.9 =o 9.6 N.W 
El Paso 53.0 —2 10.5 N.W. 
Fort Worth 54.7 ES 11:0 N.W. 
San Antonio 60.7 4 8.2 NL 
Modena 38.1 —24 8.9 W. 
Salt, Lake City 40.0 —20 4.9 8. E 
Burlington 29:3 —27 12.9 8, 
Norfol 49.1 2 9:0 N 
Lynchbur 45.2 —7 5.2 N.W 
Richmon 47.4 —3 7.4 $. . 
Seattle 45.3 3 911 8. EB 
Spokane 37.5 —30 er 8. W. 
Elkins 38.8 24 48 Ww. 
Parkersburg 41.9 —27 6.6 S. : 
Green Bay 28.6 —36 12:8 8. W. 
La Crosse 31.2 —43 5.6 N, W 
Milwaukee 33.0 —25 11:7 Ww. 
Sheridan 31.0 —45 5.3 N.W 
Lander 28.9 —36 3.0 N.E. 


accurate as the fractional parts in many cases are increased 
to round numbers or dropped entirely. 

In compiling ‘Table V, the outdoor temperature is figured 
at zero and room temperature at 70°F. Ten per cent of 
radiation must be added when outdoor temperatures of 10° 
below zero are encountered. A further ten per cent must 
be added to the radiation of rooms that are exposed to the 
prevailing winds in your locality (see Table VI). When 
the radiation is to be installed in lodge halls, churches, 
town halls or buildings heated intermittently, for instance 
once a week, 25 to 30 per cent more radiation should be 
installed in such buildings. 
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In figuring radiation for buildings where large numbers 
of people are employed, the fact that each person gives off 
400 B. T. U. per hour, a Welsbach gas lamp gives off 2100 
B. T. U. per hour, each electric light of 16 candle power 
gives off approximately 215 B. T. U. per hour, should be 
taken into consideration. This fact will count particu- 
larly in places where no thermostatic control is installed. 

The direction and velocity of winds, and average winter 
temperatures, which must be considered. when figuring radi- 
ation, are shown in Table VI, compiled from U. S. Weather 


Bureau reports. 
SIZE OF BOILER REQUIRED FOR HOT WATER HEATING 


The figuring of proper boiler capacity has always been a 
source of trouble to the heating engineer, contractor and 
others because the different boiler manufacturers apply 
different boiler ratings established by tests made in their 
factory. As a general reliable rule for figuring a boiler, 
240 B. T. U. per hour can be assumed to equal 1 sq. ft. of 
radiation on steam boilers, and 150 B. T. U. to equal 1 sq. 
ft. of radiation on hot water heating boilers. If the output 
of the boiler is given in horsepower, figure that 1 horse- 
power is equal to 139 sq. ft. of radiation. One boiler horse- 
power is also equivalent to the evaporation of 3444 Ibs. of 
water per hour from a feed water temperature of 212° F. 
into steam. One cu. in. of water evaporated under atmos- 
pheric pressure produces approximately 1 cu. ft. of steam. 
27,222 cu. ft. of steam weighs 1 pound. 


BOILER REQUIREMENTS 


To determine the output of any boiler in square feet of 
radiation, divide the boiler output in B. T. U. per hour by 
150 for a hot water heating plant and by 240 for a steam 
or vapor heating plant. To this must be added the addi- 
tional boiler capacity required, over and above the actual 
radiation installed, by taking into consideration the heavy 
load on the boiler during extremely cold weather, the extra 
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capacity required in the morning, also the heat losses from 
the pipes as given in Table Vil. 

The above increase in boiler capacity is sufficient for 
soft coal and reasonably long firing periods. In Table vil 


TABLE VII 


AppITIONAL BOILER Capactry REQUIRED FOR 
DirrerENT Heatine SYSTEMS 








How SOQUEL. Ot ipo ts cn - ode «fee egeeemee ss snes 75% extra 
AOOKDTOLIDIe tas 0.6 as eee emmemmens Sr SEY 65% extra 

500 Ft. of Pipe......----eeeeece reser 60% extra 

750 Ft. of Pipe. :..---ssee cess te rernr ett 58% extra 
TONG bok LIP. ve -'. «ss sere Pe mma nein Hoe hes 55% extra 
GOO PEN ORT IDOs. 6 <2l.- ou > terete Bore he sie 53% extra 
4000 Ft. of Pipe..... eas © Sigapeee uote 50% extra 


DOT is lh Biche, CET eae oman EE 
are included heavy morning loads, low temperature at 
times and all heat losses. Small heating plants require a 
greater added percentage than larger installations as shown 
in the table. When firing any heating boiler, never cover 
the entire surface with fresh coal. Leave one third of the 
fuel bed uncovered in the front and fire coal in the 
rear of the firepot only. The hot flame will consume 
the gases given off from the fresh coal, thus, a marked 


TABLE VIII 


Hat Losses Dur To Soot AccUMULATION IN BOILERS 
AND FURNACES 





Soot Heat Loss 
Py RR eh ils ey 9.5% 
76, a 7 UR ac 26.1% 
7” Ny 9 CLS Seem Te Be 45 4% 
(ES De 0 Ee cs al 69.3% 





saving of fuel and smokeless operation are insured. The 
soot should be removed from all flue passages two or three 
times a week. Table VIII shows the heat loss due to the 
soot accumulation in the flue passages. 

From this table it will be noted that the heat losses are 
great, and amount to almost 50% when Yz in. soot is 
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present. Soot is a very good heat insulator and boilers 
should be cleaned often. 

When soot is left in the flue passages during the sum- 
mer months, it becomes moist and causes what is known 
as soot cancer, which destroys iron rapidly. ‘The surfaces 
commence to pit and this pitting increases every year if 
not taken care of. A sufficient amount of air must be 
admitted over the fire in order to supply the necessary 
oxygen to burn the gases generated, thus eliminating the 
formation of soot. It is important, therefore that the fire- 
door shutter should be opened the required amount. One 
pound of coal requires from 16 to 20 Ibs. of air to burn 
efficiently, and this amount cannot be supplied through 
the grate alone when a heavy fire is carried. 

Coal differs greatly as to burning qualities. Soft coal 
kindles easier than hard coal, but when heated, vast quanti- 
ties of volatile matter are driven off, ordinarily called 
smoke. 

From 40 to 65 per cent of the heating value of soft coal 
is contained in the volatile gases produced during combus- 
tion, in other words, this amount escapes with the smoke. 
During the time the fire is burning we can only take in 50 
per cent of the air necessary for proper combustion of the 
fuel through the draft door or ash pit under the grate. 
This 50 per cent of air goes through the fire and sustains 
combustion. If we admit more than 50 per cent through 
the fire we increase only the rate of combustion and do not 
consume volatile gases driven off the coal. In other words, 
we burn more coal and produce more smoke. Therefore, it 
becomes apparent that we must introduce the other 50 per 
cent of air necessary to burn the volatile gases formed 
through the process of combustion over the fire at a place 
where the oxygen in this air will combine with the gases 
(or the smoke) causing a mixture that will burn readily. 
This can be done by leaving the shutter in the fire-door 
open. Some boiler manufacturers provide a separate open- 
ing for this purpose above the fire to admit air to the 
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volatile gases in order to burn them completely, and such 
boilers are giving good results. 

This secondary air supply is of the utmost importance 
and will not only eliminate smoke, but save coal and reduce 
the accumulation of soot to a minimum. Soot is unburned 
carbon and can be consumed to a great extent when properly 
mixed with air at the time it is formed in the firepot and 
when it is in a gaseous state, or in other words, before it 
becomes solid. 

AN EASY WAY TO REMOVE gooT FROM A BOILER 


To clean soot from the flue passages of a boiler let the 
fire burn until the coal in the firepot has obtained a white 
heat, then open the draft damper and flue damper wide. 
Next sprinkle at one time from two to six pounds of salt 


TABLE IX 


Proper HEIGHT AND Sizz or CHIMNEYS FOR 
Finating PLANTS 
Chimney Flue Minimum 


Boiler Ratings i 
Sizes (Inches) Chimney 





Square Feet 
a —— | Height 
Steam Hot Water Round | Square (Feet) 
Sha inate RE» Ne aera ae Coe 
300 to 600 300 to 1000 8 8x 8 25 to 35 
700 to 1200 | 1200 to 1800 10 8x12 35 to 40 


1300 to 1800 2000 to 2800 12 12x12 40 to 45 
2000 to 2500 3000 to 4000 15 12x16 40 to 45 
3000 to 3500 4800 to 5600 16 16x16 45 to 50 
4000 to 4500 6400 to 7200 18 16x20 45 to 50 
4500 to 5000 7200 to 8000 20 16x20 50 to 55 
5000 to 5500 8000 to 8800 20 20x20 50 to 55 
5500 to 6000 8800 to 9600 20 20x20 55 to 60 
6000 to 6500 9600 to 10400 22 20x20 55 to 60 
6500 to 7000 10400 to 12000 24 20x24 60 to 65 
7000 to 8000 12000 to 12800 24 20x24 65 to, 70 
8000 to 9000 12800 to 14400 26 24x24 70to 75 
9000 to 10250 14400 to 16800 28 24x28 75 to 80 
10250 to 12750 16800 to 20400 28 24x28 80 to 85 
12750 to 15600 20400 to 25000 30 24x28 85 to 90 
15600 to 18000 25000 to 28800 32 28x28 90 to 100 
18000 to 20400 28800 to 32640 32 30x30 | 100 to 110 


al RE 1 eee act 
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(depending on the size of the boiler i 
hot fire and close the fire door. If on ae rachel 
ie one-half hour, repeat the operation, using one-half 
es amount of salt above given. This will clean all passages 
1oroughly providing the soot has not been baked on the 
cast iron for several years. Even at this advanced stage 
the soot will loosen and fall off in patches if th : 
is repeated several times. pares 


CHIMNEY SIZE AND HEIGHT 







Proper chimney size and hei ht i i 

ght is of utmost importan 
+ aes heating plant. Of all the trouble jobs aries the 
ast 20 years that have come to the writer’s attention 80 
per cent of the trouble in the installations was found to be 
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Figure 1.—Proper Chimney onstruction Showing Down-Draft Air 


due entirely to faulty chimney construction. The size of 
- flue openings were either too small or the height of 
the chimney inadequate for the work it was called upon 


{ to perform. 

| A perfectly designed and installed heating job i 

| eating job ft 

| condemned on account of the chimney. A ieedey, tbat 


is too short will reduce the capaci i 

; pacity of the heating plant 
materially because the proper draft, to burn a sufficient 
amount of coal, cannot be obtained. Table IX gives the 
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proper sizes and heights of chimneys for steam and hot 
water plants. 

A chimney should always be built with a fire clay lining 
to prevent fires and establish a smooth inside surface. Soot 
will not adhere to a smooth chimney as readily as to one 
constructed of brick only in which the mortar projects on 
the inside. Too little importance is attached to chimney 
construction and highly unsatisfactory results with heating 
plants have been traced to faulty chimneys. The chimney 
should be as nearly square as possible, or round. Oblong 
chimneys are not as efficient as square or round chimneys 
because of the loss in area. The smoke travels upwards in 
almost a circular column and cold air descends in the 
corners, as shown in Figure 1. 


COAL REQUIRED PER SQUARE FOOT OF RADIATION 


The engineer and heating contractor are often asked 
this question: “How much will it cost to heat my house ? 
I have 640 sq. ft. of radiation installed and believe I am 
using too much coal.” 

The heating contractor or engineer has to give a satis- 
factory answer, and this answer should be as accurate as 
possible. The following data are so arranged that anyone 
can readily figure the cost of heating any building provid- 
ing the number of square feet of radiation is known. 

Tables X and XI show the results of two tests, one con- 
ducted with hard coal and the other with soft coal. 

Tt will be noted from these tables that the cost of hard 
‘coal delivered was $4.25 per ton. The hard coal was of a 
size between “washed pea” and “buckwheat.” This coal, 
of course, cost less than the range or furnace size. The 
cost of soft coal delivered was $5.50 per ton. This soft 
coal is known as “Harrisburg” 2 in. screening, mined in 
Illinois (Saline County). This low grade soft coal was 
chosen in order to determine what could be accomplished. 
with a low grade of coal under a heating boiler. When a 
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TABLE X 


Fur, Usrep, Harp Coat, Size Berwesn WaAsHED 
Pra AND BUCKWHEAT 









Cost of coal delivered per ton........-.-0 00 eee ee eee eee $4.25. 
Coal fired 4 times daily. 
Time—October 2nd to May 22nd. 
Total coal burned............c cscs cece eee rete eeeee 18,760 lbs. 
Coal burned per day......--seseeeee reece eee 20 to 140 Ibs. 
Cost of coal per SCaSON......0.. ee eee eee erect eet ete $40.00: 
Average room temperature........ 2.0 cess eee eee e ees 69 Deg. F. 
Average outdoor temperature..........-224 eee eeeeeee 41 Deg. F. 
Radiation installed Cast Iron hot water. 
Amount of radiation insalled In all rooms............-- 481 sq. ft. 
Number of rooms heated.........0.ce see eee cern t renee eee enee 10: 
Firepot diameter ........... 00:0 eee ee eee e renee eter e een es 20 in. 
Building Exposure..........-. 000s eee ee eee eens North & East. 
Windows—Single windows also storm windows. 
Day’s coal where fired. ..........-ee cece erence een ee nes 219 days. 
Cost per square foot of radiation per season of 219 days...... 8.3¢ 
COs Bed GAY obese ere eb ast a alee hele ed ote ee nals siete 18.2¢ 
eS a ai iad ene SPR ek vee Rea Poe enn PCE Rea) 0s SS > 
TABLE XI 
Fur, Usp, Sorr Coat, Harrispurc 2” ScREENINGS 
(ILLINoIs) 
(| ANigames sie et 2 pe) ee Ee A ee 
Cost of coal delivered per ton........ 6... c cere ee eens $5.50 
Coal fired 5 times per day. ’ 
Time—October 15th to May 27th. 
Total coal burned.........+++ TR TEEN 23,500 Ibs. 
Coal burned per day.........00e eee reece seen eeee 31 to 175 lbs. 
Cost per SEASON... 6. see eee eee eee erent teen et eases $64. 62: 
Average room temperature.....--.-+-+ se eeeeee reese 71 Deg. F. 
Average outdoor temperature.......... 0500s seteeeee 35.9 Deg. F. 
Radiation installed Cast Iron Hot Water. 
Amount of radiation installed in all rooms...........+++ 486 sq. ft. 
Number of rooms heated..........0:0e cece eee et eee eee ee ences 8. 
Firepot diameter........0cee cece eee cence tee eee e ene e ens 20 in. 
Building Exposure.........0.eeeeee seers eeereres North & West 
Windows—Single windows only no storm windows. 
Days coal where fired...........00-es seers cess eee etees 223 days 
Cost per square foot of radiation per season of 223 days...... 13.2¢ 
Cost per day......... cece cece cece crete ene ne tne ce eees 28 .9¢ 


eee aan armnataet 
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higher grade of soft coal is used, the cost per square foot 
of radiation should be less than that given in Table XI. 
Should the price of coal used on your job be greater than 
given in Tables X and XI, the reader should work out the 
computations according to the price of coal used. In com- 
paring tables X and XI, note that the conditions existing 
on both tests are nearly the same. If the average outdoor 
temperatures are lower than those given, then proper cor- 
rections must be made. The average temperatures of any 
community may be ascertained from the U. 8. Weather 
Bureau, or from Table VI. The test was conducted under 
ordinary working conditions, the owner firing the boiler him- 
self. The losses of unburned coal through the grate amount- 
ed to approximately 5 per cent. The owner was instructed 
never to cover the fire completely with fresh coal, but leave 
a bright flame in front to burn the distilled gases from the 
fresh fuel put in the rear of the firepot. He was also in- 
structed to regulate the damper properly and to clean the 
flues every other day with a wire brush. 

Additional Boiler Capacity Required——When direct-in- 
direct radiation is installed in addition to the regular radia- 
tors then this direct-indirect radiation must be multiplied 
by 1% to convert it to the corresponding amount of direct 
radiation, and the boiler capacity must be increased accord- 
ingly. Any indirect radiation installed must likewise be 
multiplied by 11% to convert it into direct radiation. Any 
blast coils installed must be treated separately when the 
boiler capacity is figured. Proceed as follows: 

Multiply condensation of all blast coils in pounds per 
hour by 4. This will give you the correct amount of 
direct radiation to be added to the boiler capacity. 

If a domestic hot water supply tank is to be heated by 
the boiler also, a larger boiler must be installed. The 
additional capacity required in this case is found by multi- 
plying the storage capacity of the hot water tank in 
gallons by 2, if a steam boiler is installed. On a hot 
water job, where the domestic hot water tank is heated by 
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the hot water, the capacity in gallons of the storage tank 
must be multiplied by 3%. In both cases this will give 
you the amount of direct radiation to be added to the 
boiler capacity. In many cases these additional require- 
ments are entirely overlooked or figured as so much radia- 
tion based on the actual square feet contained in the various 
units. This is wrong and must not be done. 








CHAPTER II 


HOT WATER HEATING SYSTEMS 


PROCESS OF WATER BOILING 


To make clear what takes place in a boiler, let us briefly 
discuss the underlying principles of heating and circulating 
hot water and the circulation in a steam boiler. 

When a fire is started in the firepot of a boiler containing 
water, the heat penetrates the iron and heats the water 
next to it. This warm water becomes lighter than the 
cold water on top of this warm water, due to the fact that 
the molecules of the water expand. This warm water rises 
to the top and into the main supply riser located on top 
of the boiler. The colder water travels downward, to 
replace the hot water that has risen, and is also heated and 
travels upwards. Likewise the water coming in contact 
with the hot walls of the boiler and the hot flue passages 
rises. It is for this reason that some boilers have corru- 
gated walls in order to bring more heating surface in 
contact with the flame and water. 

On its travel upward the water passes through the colder 
water and gives off some of its heat. When the warm 
water has passed into the mains and radiators, the return 
line from the radiators to the boiler becomes warm, but 
not until the warm water has forced out all the cold water 
from the radiator. ‘This will make clear the fact that on a 
hot water heating job with open éxpansion tank, no pres- 
sure is available to circulate the water. The circulation in 
a hot water boiler, whether used for heating plants or to 
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supply storage tanks for domestic hot water service, 
depends entirely on the temperature of the water. If we 
will remember this underlying principle, we will better 
understand why some plants do not work properly, on 
account of the small pipe sizes selected. 


TRY THIS EXPERIMENT 


The fact that hot water must be heated from the bottom 
and rise is illustrated in Figure 2. Take a glass tube or a 
fruit jar or any other receptacle with a large neck opening, 
take a piece of ice and place around it a lead strip or a 
piece of wire solder to hold it down on the bottom of the 
glass tube, fill the glass tube with water about two-thirds 





Figure 2.—Water will Boil on Top, but Ice will not Melt. 


full. Place the flame of an alcohol lamp or candle in 
position as shown in Figure 2 so that only the surface of 
the water will be heated. You will observe that the water 
on the surface will boil quicky and the ice on the bottom 
will not melt for a long time. ‘This little experiment, 
which anyone can make readily, proves conclusively that 
the heat is readily taken,up by the water through the walls 
of the boiler by convection, but that the heat is very slowly 
transmitted by the water by conduction. Hot water circu- 
lates upwards readily but downwards very slowly. This 
experiment shows that the boiler must be placed at the 
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lowest point of a hot water supply on a heating job and 
all supply connections must be taken off the top. We can 
truthfully assume, for all practical purposes, that water is 
practically a non-conductor. The colder water descending 
to the bottom of boiler is due to the fact that cold water 
is heavier than warm water, as shown in the following 
table : 


TABLE XII 
WeIGHT oF WATER AT DIFFERENT TEMPERATURES 





1 cubic foot of water at 60° Fahr. weighs 62.3 lbs. 

1 cubic foot of water at 100° Fahr. weighs 62 Ibs. 

1 cubic foot of water at 120° Fahr. weighs 61.7 lbs. 

1 cubie foot of water at 160° Fahr. weighs 60.9 Ibs. 

1 cubic foot of water at 180° Fahr. weighs 60.5 lbs. 

1 cubie foot of water at 200° Fahr. weighs 60 Ibs. 
— ee eee 
From the foregoing it will be noted that water at 200° F. 

is 2.3 pounds lighter per cubic foot than water at 60° F. 

With these two principal factors understood, let us turn 
; our attention to the circulation of the 
water in the boiler. If the return line 
on the bottom were omitted, water 
would circulate as shown in Figure 3. 


The travel is both ways from the 
center as indicated by the arrows. When 
-——~—- ==.) we place a circulating pipe on the bot- 
A Ti ray tom of the boiler then the water cir- 
a iy ie culation will be as shown in Figure 4. 
MAH ig Lgl il | Most of the cooler water from the re- 
1! NED turn pipe will travel to the bottom ‘of 
ae the boiler and a small quantity will be 
drawn upwards by the current. The 
cooler water is heated by coming in con- 
Ce tact with the hot boiler walls and flue 
Figure 3.—Circula- Passages and likewise begins to move 


tion Phe ina upwards. 
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When the fire is burned down, the hot water in the 
boiler continues to circulate upwards into the radiators 
until the temperature of the rising water is equal to the 
temperature of the water returning from the radiators, and 





Figure 4.—Circulation of Water in a Boiler. 


when this takes place, all circulation stops. With these 
two facts, namely, that we have no pressure to depend upon 
to move the water in a hot water heating plant and that 
the hot water travels upwards because it is lighter than 
cold water, let us proceed to lay out the piping system. 


PROPER PIPE SIZES FOR HOT WATER HEATING JOBS 


When the proper size of boiler is selected for the building 
to be heated, the layout of the piping system is the next 
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important step. If the building is small, from five to 
seven rooms, one main circuit is generally sufficient, provid- 
ing the boiler can be located at one end of the building. 
This is the most economical way of laying out a hot water, 
vapor or steam heating plant. If the boiler must be placed 
in the center of the building, two separate circuits are 
preferable to one continuous circuit running around the 
entire basement. The pipe sizes of each circuit must be 
proportioned to the number of square feet of radiation on 
each circuit. 


TABLE XIII 


Sizz or MAINS AND BRANCHES FOR Hot Water HEratiIne 
a 








Size of Main Sq. Ft. of Size of Branch Sq. Ft. of 
in Inches Radiation - in Inches Radiation 

1 40 84 40 
1% 75 1 70 
1% 125 1% 110 
2 280 1% 180 
2% 530 2 300 
3 875 i 
3% 350 Risers to. second floor will 
4 1900 carry 20% more radiation. 
4% 2700 Risers to third floor will 
5 3600 carry 30% more radiation than 
6 5800 above given. 


When possible, each circuit should carry the same 
amount of radiation. Table XIII will be of great assist- 
ance in determining the proper size of the main, the 
branches and the return lines necessary for efficient results. 
It is erroneously assumed that small pipe sizes give better 
results than large. The riser from the boiler to the main, 
in all cases, should be the full size of the boiler tapping. 
This will assure quick and rapid circulation. It is wrong 
to put a bushing in the supply opening of the boiler and 
reduce the size of the main at this point. Any reduction 


- 
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in the main should take place on the main line by means of 
eccentric reducing fittings. It is an established fact, often 
proved by changes made on faulty installations, that reduc- 
ing fittings cause rapid circulation of the water on account 
of the nozzle effect. Water will flow through a hose slowly, 
but when a nozzle is put on the end of the hose, water 
leaves this nozzle with greater force. The same is true 


with a reducing fitting on the supply mains of a hot water 






COUPLING 
— 


CENT: 
ECCENTRIC REDUCE INE inG 


Figure 5.—Improper and Proper Method of Reducing Main. 


heating system. Figure 5 shows this method clearly. Bush- 
ings on all supply mains should be avoided because they 
often prevent and greatly retard the rapid flow of water. 
They cause air pockets in cases where the branch is taken 
off the side of a tee (see Figure 5). 

When heating plants are constructed as outlined, the 
water temperatures can be lowered materially with excel- 
lent results, thus a saving in fuel as well as satisfactory 
circulation is assured. All supply branches to radiators 
should be taken off on a 45° angle as shown in Figure 6. 
It is rarely necessary to take some supply branches off at 
right angle and absolutely unnecessary to take these 
branches off the bottom of the main to assure proper distri- 
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bution to the radiators, if the main is properly proportioned 
and correctly installed. 

A difference of from 25 to 40 degrees exists between the 
temperature of the supply main and the return on most hot 
water heating plants. A difference of 30 to 35 degrees has 
proved to be the most desirable for good circulation and 
satisfactory results. When reducing fittings are used, for 
instance, tees or elbows, the outlet should be turned upwards 
or at a 45-degree angle, as shown in Figure 6, in order 


















































Figure 6.—Branch Line taken off on Top of Main and on 45° Angle. 


to remove the air from the main line. If it is turned side- 
ways, air will be pocketed in the main, interfering seriously 
with the circulation. 

If only a small amount of radiation is required, on which 
a main not larger than 114 in. is installed, no reduction 
should take place anywhere on the main, except where the 
main turns at a right angle, and then the reduction should 
be made one size only, by means of a reducing elbow, as 
shown in Figure 7. 

The question often arises, are expansion joints or swing 
joints necessary on long runs of pipes? This can best be 
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answered by glancing at Table XIV. In this table it is 
assumed that the air temperature of the basement is ap- 
proximately 60° F. When the water temperature ranges 
between 160° and 212° expansion of the main line may be 
taken from this table. 


TABLE XIV 
Expansion or Main LINES AT Various TEMPERATURES 
Re ee ee 
Water Temperature 160° 180° 200° 212° 
Expansion of main in 
inches per 100 ft. 
of length 80 96 112 1.22 


The end of the main should always be connected (one 
size larger than the supply valve on the last radiator) to 
the last radiator by means of a reducing fitting and this 
radiator should form the loop. The return from this 














Figure 7.—Proper Method of Reducing Main. 


radiator should be connected regular size to the return 
line. This will increase the circulation materially both 
on the supply line as well as on the return. 

The expansion tank must be located at least four feet 
above the highest radiator. Six to eight feet will give 
better results. If this tank must be located in the attic 
it should be covered with paper and wool felt to prevent 
freezing. A gauge glass should be attached to the side of 
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EXPANSION 
TANK 


Le VER FLOW 


We-7H1/S CONNECTION 

| SHOULD RUN 70 
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MADE TO RETURN 
I) 4/vé ALso 







RETURN LINE 





Figure 8.—Expansion Tank and Connections. 
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the tank so that the water level may be observed. An 
overflow must be provided on top of this tank also an 
atmospheric vent connection. Figure 8 shows all connec- 
tions to and from the expansion tank. The bottom of 
the expansion tank must always connect to the return line, 
never to the supply line. The city water supply line may 
be connected to the return line of the boiler, close to the 
boiler. A drain must also be provided, on the boiler for 
cleaning purposes. Figure 9 shows a boiler properly con- 
nected to city water supply and sewer. 





Figure 9.—Hot Water Heating Boiler Properly Piped. 


On this drawing Figure 9, 1 and 4 each represents & 
separate supply circuit; 2 and 6 represent the return 
circuits; 3 the city water supply to the boiler; 7 the sewer 
connection; 4 represents the overflow from the expansion 
tank which should in all cases be carried to the basement. 
This pipe should never be connected concealed to the sewer 
for the reason that should the tank boil over, no indication 
is given of this fact to the operator of the boiler. If it is left 
exposed, notice will be given of this fact and the cause can 
then be remedied. Another reason why this overflow should 
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be left open is that when the boiler is filled after cleaning, 
the discharge of water from this pipe will indicate that 
the system is full. In Figure 9, 8 represents a faucet often 
put on hot water heating boilers. This practice can not 
be condemned too strongly because it affords means of 
drawing hot water from the boiler and this is too often 
done, particularly on wash days. Serious consequences may 
be the result, and therefore faucet 8 should never be placed 
on a heating boiler. When water is drawn from a boiler, 
the water level in the expansion tank is lowered and air 
is drawn in. This air will get into the top radiators also. 
If the system is refilled the air will remain in the radiators 
and prevent their filling with water and heating. 

There are many ways of course to install hot water heat- 
ing systems, but not all are successful. The piping arrange- 
ment described in the foregoing pages has given excellent 
results, If followed carefully, satisfactory installations will 
be the result. In order to show the most suitable layout 
for any job, we present, by Figures 10, 11 and 12, various 
layouts that may be followed. ‘These represent the one- 
pipe system, the upfeed system and the downfeed system. 
Pipes must be pitched in each case as indicated by arrows. 
On all hot water jobs, mains and returns should be pitched 
Yp inch in every 10 feet, pranches 1 to 2 inches, according 
to length. 


DOWNFEED SYSTEM 


Figure 10 represents a downfeed hot water system with 
open expansion tank in the attic. The supply line is car- 
ried to the attic or to the ceiling of the room. Downfeed 
risers are connected from this line to the various radiators 
as shown. If radiators are located in the basement they 
must be located and connected as shown at A. They should 
be wall radiators and located above the boiler if possible to 
assure good circulation. The return line is shown in dotted 
lines below the first floor. B in Figure 10 represents a wall 
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‘radiator near ceiling. Pipe C is the overflow from the 
expansion tank. ‘The supply to the radiators on a down- 
feed system must be connected to the top of the radiator as 
shown. Overhead mains will take care of more radiation 
than basement mains as shown in Table XV. 


TABLE XV 


Squart FEET OF Rapration THAT Can BE CARRIED ON 
BASEMENT MAINS ComPpareD WITH OvERHEAD MAINS 


Mains in Mains 
Pipe Size Basement Overhead 
ce 
1% in. Es sq. ft. ed sq. ft. 
“ . 675 “c 900 “ 
a odd 1100“ 1800 ‘ 
ad 1700.“ 3200 “ 


UPFEED HOT WATER SYSTEM 


Figure 11 represents an upfeed hot water system with 
expansion tank vented to atmosphere. The supply line 
connecting to the first floor radiators is located in the 
basement. Risers to the second floor radiators can be 
exposed or located in the partitions. The supply and re- 
turn branches A and, B from the radiators may be located 
between the floor joists. The expansion tank on all hot 
water heating systems should never be less than 4 ft. above 
the highest radiator. Tf for any reason the expansion tank 
is too far away from the boiler feed line C, it may be 
connected into the return line of a top floor radiator. 


ONE-PIPE HOT WATER SYSTEM 


Figure 12 represents one-pipe hot water system. This 
system is used when there is no room for the return line 
or on cheap installations. Tt is not as efficient as a two- 
pipe system. The supply must be taken off the top of the 
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coldest at the bottom of the supply main. This fact is 
illustrated in Figure 13. The end of the supply main 
connects to the return as shown at B, Figure 12. 


HOT WATER 








COLO WATER BRANCH TAKEN 
OFF ON SIDE 


Figure 13.—Hot Water Heating Main with Side Connection. 


Pipes on all three hot water heating jobs shown must be 
pitched in the direction of the arrows shown in Figures 
10, 11 and 12. 

Never use a.globe valve on a hot water system, due to 
the friction resistance of such a valve which causes enor- 
mous decrease in velocity. A globe valve has a resistance 


TABLE XVI 


Lenorit or Pree EquivALENT IN RESISTANCE TO VARIOUS 
Frrrinas Given in Numer oF Pier DIAMETERS 


ELD bys ches see ee eee eens = 22 times diam. of pipe 
8d NS = 20 times diam. of pipe 
Open return bend...........---+++++5 = 22 times diam. of pipe 
NET IRS Si eect cee tees eine = 48 times diam. of pipe 
Gate valve, open.........-.-5+-eee ee = 11 times diam. of pipe 
Globe valve, open.........-..-+++005+ 264 times diam. of pipe 
Radiator Angle Valve.............++- = 44 times diam. of pipe 
PRAGIAIRM ELI cn ees e ee eee ene = 66 times diam. of pipe 


Seis emmy ee 
EXAMPLE: 2” tee has a resistance equal to 48X2 or the same 
resistance as 96 inches of 2” pipe. 


of 264 pipe diameters, in other words, if a 2-inch globe 
valve is used, it would offer a resistance to the flow of 
water equal to 264 X 2 in. or 528 inches of 2-inch pipe. A 
gate valve offers only 2x11 or 22 inches of 2-inch pipe 
resistance. See Table XVI for resistance of various fit- 
tings and valves. 
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CLOSED HOT WATER HEATING SYSTEM 


The hot water heating systems described in the forego- 
ing pages are known as the open system because the expan- 
sion tank is vented to the atmosphere. There is another 
system, called the closed system, in which the expansion 
tank is closed in place of being open to the atmosphere. 





Figure 14.—Installation Drawing of a Closed Hot Water Heating 
System. 


On a closed system this expansion tank is located in the 
basement and connected to the main supply line. Figure 
14 shows a hot water heating boiler, the closed expansion 
tank, the piping arrangement and the differential pressure, 
relief valve, which is necessary on the closed system to 
relieve any excess pressure that may form in ‘the system, 
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should the temperature of the water for some reason Tun 
above the safe limit. This relief valve must be connected 
to the return so that no water will be circulated through it. 
In this position it is filled with the coolest water in the 
system and will work more satisfactorily, not being acted 
upon or affected by the constant change in the water tem- 
perature. The capacity of the tank should be great enough 
to take all the water, after it is expanded and still leave 
enough air space in the tank for a cushion. 

If the basement is low, the tank may be placed between 
joists, as shown in Figure 14. If one tank does not pro- 
vide sufficient capacity, two tanks can be installed, both 
connected into pipe A, shown in Figure 14. Closed. 
systems, where the expansion tank has proper capacity, 
take care of the range of temperature fluctuation auto- 
matically, providing the radiators with water when the 
temperature drops. On account of the pressure carried on 
the system, rapid circulation takes place, which assures 
quicker heating of the radiators. There are a number of 
different closed hot water heating systems on the market, 
but all work on the principle described. ‘The closed as 
well as the open system may be automatically controlled 
by adding a temperature regulator to operate the draft and 
check damper. 


FORCED HOT WATER HEATING SYSTEMS 


If buildings that are to be heated with hot water 
are scattered over a large area, OT if such buildings contain 
many floors, or for some reason part of the radiation is 
below the boiler, forced hot water circulation has been used 
with excellent results. Hot water heat is ideal because the 
temperature can be varied at will during the spring and 
fall, and the low temperature of the radiators does not 
take the moisture out of the air as rapidly as when steam 
heat is used, and therefore, maintains a more satisfactory 
humidity in the rooms. 
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The advantages of forced hot water heating systems are 
as follows: rapid, noiseless operation, and circulation even 
when radiators are located long distances from the power 
plant; return lines may be located anywhere, even above 
the lowest radiators. The system may be planned in the 
same manner as described in the preceding pages with the 
exception that a circulating pump is installed on the return. 
The suction of this pump is connected to the return line 
and the discharge to the bottom of the boiler, as shown in 
Figure 15. An expansion tank must be provided at the 
highest point in the system and connected to the inlet 
side of the pump, because at this point the least pressure 
exists. This tank must be provided with a relief valve to 
allow the excess pressure to escape. Tf the system is 
properly designed the only power required for the operation 
of the pump is the power it takes to overcome the friction 
in the piping system. Valves and fittings, with full 
straight openings are therefore preferred on this type of 
system. In order to overcome short circuiting or any Un- 
balanced condition that may exist, due to errors in piping 
arrangement, all circuits should be provided with gate 
valves so that the flow in each circuit may be regulated 
to suit the requirements. When these valves are adjusted, 
after the plant is started, they need no further attention. 
Care should be taken to obtain as far as possible the same 
temperature in all circuits of a unit. By placing a valve 
on each return circuit, means are thus provided to shut 
off each circuit, in case repairs are necessary, such as pack- 
ing of valves and stopping of leaks, without closing down 
the entire heating plant. 

Forced hot water circulation is installed in manufactur- 
ing plants and in many apartment puildings, hospitals, etc. 
Tn some instances five or six apartment buildings, scat- 
tered over several blocks, are heated by this method from 
one central station with very satisfactory results. It is 
important that such systems be installed correctly and 
ample precaution taken to insure proper pipe sizes to 


on the return lines. ‘An automatic float valve in the 
expansion tank, to admit make-up water, 18 a valuable 
asset to any forced. hot water heating system, also & float- 
operated air vent with check valve, so arranged that air 
can be drawn into the expansion tank when the water 
cools in the system, thus lowering the water level in the 
expansion tank, On a closed system sufficient air pressure 
must be in the tank to force the water up to the highest 
n the system. A pressure gauge must be provided 
Josed tank so that the air pressure may be checked 
readily and the proper pressure maintained. 
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balance the system as far as possible. One of the most 
important features of a forced hot water system is the 
removal of the air from the system. When circuits must 
be so located that they will not vent automatically into 
the expansion tank, air vents must be placed at the high 
points wh 


ere air is liable to gather. Tn case it is necessary 
several circuits, return headers should be installed 











CHAPTER III 


STEAM HEATING SYSTEMS 


Tn the following pages we will discuss the different steam 
heating systems installed in various types of buildings. We 
have given tables of pipe sizes on the different systems 
that may be used. Such sizes are minimum sizes. Table 
XVII shows the square feet of direct steam radiation 
different sizes of mains will carry, the velocity in feet per 
second and the pressure drop in ounces per 100 ft. of pipe. 


ONE-PIPE GRAVITY STEAM SYSTEM 


Next to hot water, the one-pipe steam heating system is 
most generally used. The figuring of radiation, which 
is the same on all heating systems, has been explained 
clearly in the preceding chapters. Care should be exer- 
cised on one-pipe gravity jobs to provide sufficient pitch 
for the main supply line and return in the direction of 
steam travel and to drip the supply mains back to the 
boiler. This method is illustrated in Figure 16. The pitch 
shown on this drawing is exaggerated in order to make 
this point clear. The steam header should be in all 
instances one size larger than the main and the connection 
to the boiler should be full size of the boiler tapping. If any 
reduction is made between header and main, such reduction 
should occur at A, Figure 16, by means of a reducing elbow. 
Tt is far better to make the header full size of boiler 
tappings. 

Sufficient pitch on all branch arms leading to the radi- 
ators must exist in order that the condensation from the 
radiator may be rapidly discharged into the supply main or 
supply riser. The fact that the condensation from all 
radiators must return to the boiler in the same pipe that 
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Most single-pipe gravity jobs cause trouble by hammer- 


ing either in the radiator or in the steam supply main, and 
in most all cases this is due to the fact that the supply 
lines and radiator branches are not pitched properly and 
that the radiator valves or branch lines chosen are too 
small to admit steam to the radiator and allow condensation 
to flow back into the supply line at the same time. If this 
point is remembered one of t 


he main troubles encountered 


on one-pipe steam heating systems can be readily dis- 


posed of. 


| : | BUSHING 


izontal 
_—Globe Valves Should Never be Used in a Hor 
agen Shean Position on Heating Jobs. 





"4 
Ad 


i] 
ie y 
287 


(FITIZ ILL eg 


In connecting single-tier and two-tier wall coils to a 
single-pipe system (see C, Figure 16), they must be 
pitched in the direction of the arrow so that the condensa- 
tion will drain back readily to the supply valve. Care 
should be taken to place wall radiators correctly so that 
the nipples connecting the sections will allow the steam 
to pass from one section to the other freely and at the same 
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time allow the condensation to flow back readily. The 
black spots indicate the connecting nipples (see H Figure 
16). This matter must have the utmost consideration, 
particularly when the number of sections or the number 
of tiers are increased to 12 or even 20. 

The connections between the sections must be located 
in relation to the steam inlet so that the flow of the con- 
densation back to the riser or supply main will not be 
handicapped by the steam rising into the upper sections. 
If at all possible, the steam should rise on one end into 
the upper section as indicated at H, Figure 16, and the 
condensation should return at D, Figure 16. This will 
provide the right pitch to the radiator also. All radiators 
on single-pipe gravity jobs should be pitched slightly to 
allow the condensation to flow back to the supply end. If 
the supply valve is smaller than the radiator tapping an 
eccentric bushing must be used; the tapped opening of this 
bushing must be turned down (see Figure 17). The use 
of a straight bushing will hold the condensation in the 
radiator up to a point even with the bottom of the tapped 
hole in the bushing. 

Globe valves should never be used on the supply end of 
radiators on single-pipe gravity jobs or any other heating 
job because they will hold the condensation in the radiator 
until it is even with the top of the seat as illustrated in 
Figure 17. You will note that very little steam will be 
able to enter the radiator due to the condensation filling 
a large portion of the opening. This same trouble is 
encountered when globe valves are used on mains or returns 
running horizontally. Water will always be in such pipes 
up to a point even with the seat of the globe valve. A 
great many troubles encountered on heating jobs have 
been traced to this cause. Considerable pounding is the 
result due to water hammer, which is unavoidable if globe 
valves are used in such places where they prevent a free 
flow of condensation. A globe valve, according to tests 
made, offers a resistance of 264 times the diameter of the 
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Figure 18.—Height of Water Column in Return Line and Pressure 
Difference in Ounces. 
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pipe. For instance, a 2-inch globe valve offers resistance 
equal to 264 times 2-inches, or the same resistance as 528 
inches of 2-inch pipe. See Table XVI for resistance of 
other fittings. 

Another cause of trouble often encountered is the plac- 
ing of check valves on the return line of single-pipe gravity 
jobs. This is wrong and should not be done. A check 
valve requires pressure to open; in other words, water will 
be piled up in the return to a certain height to open the 
check valve. If very little head room is available, the extra 
head required will interfere materially with the proper 
circulation because the condensation is lodged in the 
return. Figure 18 shows the height of a water column 
necessary to overcome the pressure against any check valve 
if the pressure difference is known in ounces. For instance, 
if a pressure difference of 4 ounces exists between the boiler 
supply line pressure and the return line pressure, the water 
will pile up in the return to a height of 6-9/10 or nearly 
7 in. plus the static head required (due to friction), before 
the check valve can be opened to allow the condensation to 
return to the boiler. On large and long returns, where a 
3-in. check valve of the heavy type is used, the water in the 
returns often reaches a height of 24 to 27 in. (equal to 14 
or 16 ounces difference in pressure) before such check 
valve is opened. To this pressure must be added the static 
head necessary to return the condensation to the boiler. 
(See Figure 19). The returns in such cases are flooded 
and often the condensation backs into the main, causing 
pounding or water hammer. Check valves, no mattér 
where placed, require pressure to open, and should be used 
with great caution, where the pressure holding them closed 
is greater than the pressure available to force them open. 
In Figure 19, the return line of a boiler is shaded showing 
the height of the different water columns necessary to return 
the condensation to the boiler. The various heads are 
plainly marked to indicate the different conditions existing. 
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When condensation returns in the return line A, Figure 
19, it will pile up to a height shown in the first section, 
because the pressure in the return line is less than that 










ADDITIONAL HEAD REQUIRED 
JOFORCE WATER INTO BOILER 


HEAD REQUIRE D 70 


TO OVERCOME LOSS INKS 
LR ye PRESSURE ~~ -~-~-& 


A 








Figure 19.—Water Level in meee is Higher than Boiler Water 
ne. 


in the boiler and in the supply line. In addition to this 
the height of the second section must be added to open the 
check valve. his additional pressure or head is also 
marked on Figure 19. 
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An additional head is further required to provide force 
to allow the condensation to be returned to the boiler due 
to friction losses. This head is indicated in the third sec- 
tion, Figure 19. 


TABLE XVIII 


Pipr Sizes ror Onz-Pirz Gravity Steam HeEarine 
Systems. Capacity GIvEN in Sq. Fr. or Rapiarion 


Radiator branches| _Wet 














Pipe | Upfeed|———_—______|_ Drip Dry | Radiator 
Sizes | Risers |5’ or Less] 5’ to 10’}_ Main Return Valve 
5 ida ee Shs ee eee ce fl ere ote 
1” 40 24 Sag 1600 320 24 
1%” 75 60 24 3000 600 60 
14" 100 100 60 6000 1200 100 
2” 170 200 100 12000 2400 200 
21” | 220 a save 20000 4000 aang 
3” 340 ats 53% 36000 7200 
314” | 460 Sets wale 60000 12000 
4” 600 588 sa,8 80000 16000 
DRIPS FOR RISERS 
. Drips to Returns 
Risers 
Wet Dry 
1 " 3s" sy" 
14" yi ” sf » 
1 4% uw 34 uv 7: uv 
2 u” 1 u” 1 uv 
2 4 ” 1" , wy" 
3 2 1 ” 1 oe 
3 % . 1y%" 14%” 
4 1%" 144” 





In order to assure satisfactory results on one-pipe gravity 
steam heating systems, we have compiled Table XVIII, 
which gives the minimum pipe sizes for such heating sys- 
tems under normal conditions. 
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TWO-PIPE GRAVITY STEAM HEATING SYSTEMS 


A frequent installation, known as the two-pipe gravity 
steam heating system, is installed with return connections 
on the radiators. This radiator return is connected to a 
separate return line, and a check valve’ is usually installed 
on this return. Supply connections are made in the same 


TABLE XIX 


Capacity In Sq. Fr. or RapraTIoN DirFerENtT SIZE 
Premna Witu Suprry on A Two-Pipe Steam SysTEM 


Dee ye Pe ee ee ae EERIE! WEREammemmaenaaaam 


Radiator Branches Risers 
Pipe Rissis’) | | Main Wet 
Size | Dripped | 5’ or Less | 5’-10’ Lg. | Return Return 
In. Sq. Ft. Sq. Ft. Sq. Ft. Sq. Ft. Sq. Ft. 


4 Wis. telah Re ty: Pye 150 
1 40 24 oo wh 75 300 
1% 75 60 34 150 500 
1% 150 100 60 300 900 
2 300 200 100 500 2000 
2% 500 Rae: ivi 1500 3600 
3 900 oie accaie 2800 6000 
34 1500 TEES. ory 6000 rs! 
4 2000 e434 33 te 5 9 


ee eS EEE 


Drips for Risers and Wet Returns same as Table XVIII. 





RADIATOR VALVES 

34"— 20 sq. ft. 
1” — 40 sq. ft. | for one-pipe heating system 
11{"— 80 sq. ft. also 


114”—100 sq. ft. | for two-pipe heating systems 
2”° —200 sq. ft. 


manner as on a single-pipe gravity job and the wet return 
is connected as shown in Figure 16. 

There is not much gained by the installation of such a 
system; in fact, trouble is added by the installation of a 
check valve on each radiator. ‘The pipe sizes necessary for 
a two-pipe steam heating system are given in Table XIX. 
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We cannot say that any two-pipe gravity system with check 
valves on the return has ever been a great success in opera- 
tion. When such systems are installed, place the check 
valve a short distance from the radiator so that the weight 
of the water will help to open the check valve. 

Table XIX also gives the size of the radiator valves suit- 
able for one- and two-pipe gravity steam heating systems 
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These sizes are minimum sizes and under no circumstances 
should smaller valves be used for the amount of radiation 
given in this table. 

A study of Figures 18 and 19 will show why check 
valves on the return will not work satisfactorily. Very 
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often on single-pipe or two-pipe gravity jobs radiators must 
be placed in the basement below the water line of the 
boiler and the question arises: how can this be done satis- 
factorily? In most cases the boiler is on the basement floor 
and it is inconvenient to pit the boiler on account of the 
ccal storage being on the basement level. Figure 20 shows 
a method to accomplish this with perfect results. The 
receiving tank and pump must be located in a pit as shown. 
The pump will return the condensation direct to the boiler. 
Any low returns must be connected to the receiving tank 
as shown at A, Figure 20. 

The steam connection to all radiators in the basement 
must be taken off the main supply as shown, and the end 
of the supply main must be connected to the receiving tank 
in order to remove condensation. The gravity return line 
is in this case connected close to the boiler without a check 
valve. 

When wall radiators are used in connection with a one- 
pipe gravity job shown in Figure 16, they can be connected 
as shown in Figure 21, providing such wall radiators are 
placed at least 18 inches above the water line of the boiler. 
In all instances the supply to the radiator must be dripped 
back into the wet return, as indicated at AA, Figure 21. 

When a pump is used, as shown in Figure 20, wall radi- 
ators can be connected to the supply line without a drip 
to the wet return. In such cases the connection must be 
made in the same manner as the connection of the radiator 
on the floor, shown in Figure 20. This will eliminate the 
return connection A from the radiator shown in Figure 21, 
also the drip AA. 


TROUBLES ENCOUNTERED ON SINGLE-PIPE GRAVITY 
HEATING SYSTEMS 


A common trouble encountered on single-pipe gravity 
jobs is the partial heating of the radiator. Five or six 
loops may be hot while the last three or four loops are 
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cold. This is due to air in the radiator, caused by the 
float closing the air vent, if a float type air vent is installed. 
The raising of the float is caused by water in the body of 
the air vent, held there by the steam pressure or capillary 
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Figure 21.—Installation Drawing of Basement Wall Radiator. 
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attraction. For this reason some air vents are equipped 
with bent syphons which prevent this trouble. If air vents 
are used, equipped with both float and thermostatic ele- 
ment, they usually have an adjusting screw on top and 
this screw forms the seat, against which the valve, fastened 
to the float, seats. In order to overcome cold radiators the 
adjustment of the air vent is important. The screw on 
top must be turned upward to the left until steam blows 
through the opening in the screw. Next turn the screw 
to the right or downward slowly, until the steam stops blow- 
ing. It is then in the correct position. 

It will be found, in some cases, that a radiator air vent 
that was adjusted the day previous is blowing steam. This 
is due to the fact that when the air vent was adjusted on 
the previous day the steam pressure was greater than at 
present. In such cases the air vents should be adjusted 
when you carry an average pressure. Do not be confused 
at the word “pressure,” because more pressure Means more 
heat—less pressure, less heat—and the thermostatic discs 
in air vents depend on heat to open and close, not on pres- 
sure. An increase in pressure consequently increases the 
temperature on the thermostatic disc causing it to expand, 
thus closing the port, while a decrease in pressure brings a 
corresponding decrease in temperature, causing the ther- 
mostatic 'dise to collapse (cool) thus opening the port in 
the air vent. 

If pounding occurs in the pipe lines of a one-pipe gravity 
system, it is generally due to the fact that the pipes are 
not properly pitched or are too small. A glance at Figure 
16 will show how the pipes should be pitched. When the 
pipes are pitched properly the air will travel up the risers 
into the radiators and will escape through the air vents, and 
the condensation will be conducted back to the boiler 
rapidly. 

In cases where it is impossible to remedy this trouble of 
improper pitching of pipe lines, the pounding can be 
stopped if the particular spot where such pounding occurs 
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is dripped into the wet return by means of a small pipe 
connection. Such connections will drain the water that 
causes the trouble into the return, thus overcoming the 
pounding. Air pocketed in the main supply line can be 
relieved by installing a combination float and thermostatic 
air vent which closes automatically when steam strikes the 
thermostatic disc. Such a vent should be placed on a 
short nipple on top of the pipe. The float prevents water 
from squirting out of the vent hole when the temperature 
of the steam is too low to expand the thermostatic disc. 
Such a vent is a safeguard against both steam and water 
and relieves the air by action of the float as well as the 
thermostatic disc. 





CHAPTER IV 


THE AIR LINE SYSTEM 


The air line system has been in use over thirty years, 
and some installations made 20 years ago are still operating 
very successfully. 

‘This system is ideal and has never failed to give satis- 
factory results. ‘The writer has changed many one-pipe 
gravity jobs, that would not work satisfactorily, into air 
line jobs simply by installing thermostatic vent valves in 
place of the ordinary air vents on the radiators and con- 
necting these vent valves by means of a quarter inch pipe 
to a small vacuum pump. This eliminates the trouble 
with pounding and inadequate heat. The air line system, 
as far as piping is concerned is nothing more than a single- 
pipe gravity job. In place of the ordinary float type air 
vent a thermostatic air valve is placed on the radiator, 
connected by means of a quarter inch pipe to the air riser. 
This riser need not be over one-half inch for a three-story 
building or three-eighths inch for a two-story building. On 
a three-story building the one-half inch air line can stop at 
the first floor, the three-eighths inch air line can go up to 
the second floor, and the one-quarter inch pipe from the 
radiator air vents on the third floor can be brought down 
to connect to the three-eighths inch air line on the second 
floor. In this manner small pipe sizes can be used. All 
risers connect to a 1 in. or 1% in. air line main in the 
basement as shown in the installation drawing, Figure 22. 
This main is connected to an expansion air tank which in 
turn connects to the vacuum air pump. 
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The operation is as follows: The pump is started in 
the morning, pulling a vacuum on the air tank and also 
on all the radiators, risers, supply mains and boiler. Sup- 
posing we pull a vacuum of 8 in. on the air line system, 
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Figure 22.—Air Line Heating System. 


the water in the boiler will boil at approximately 195° F. 
which is 17 degrees less than the temperature at which 
water boils at sea level, namely 212° F. Steam will be 
raised much quicker and, will circulate rapidly through 
the entire system, due to the fact that we have a vacuum 
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on every radiator and no air present in the system any- 
where. The operation of the system therefore is noiseless. 
As soon as the radiator is filled with steam, the thermostatic 
disc in the air vent closes and the condensation returns 
by gravity to the boiler in the same manner as in a single- 
pipe gravity system. If any air is present in the system or 
radiator, which gathers in the last section of the radiator, 
this air cools the thermostatic disc sufficiently to open the 
thermo vent air valve and the vacuum pulls the air from 
the radiator into the air line. Should any air gather in 
the return, a thermo vent valve installed on this line (see 
Figure 22), will open and the air will be drawn from the 
return in the same manner as explained above. All the air 
removed from the system is discharged into the atmos- 
phere by the vacuum air pump through pipe C, Figure 22. 
A gauge glass on the expansion tank indicates if any 
water is drawn over from the system and this water can 
be expelled by means of the drain provided on the bottom 
of the tank. “When all the radiators are hot, the pump, 
being automatically controlled by an electric switch, oper- 
ated by a metal diaphragm, shuts down until the vacuum 
in the tank drops below three inches. At this point the 
controller starts the pump again, automatically. If the 
electric switch controlling the current to the pump motor 
is closed at all times, the entire unit will be in operation 
all night, with the result that when the pressure in the 
boiler drops below atmospheric pressure, the air vents on 
the radiators will open, pulling a vacuum on the radiator 
on the entire system and on the boiler. With 8 in. vacuum 
on the system the water in the boiler will continue to boil 
and form vapor, until the temperature drops below Ge” Bi; 
thus assuring warm radiators the greater part of the night 
even with a banked fire under the boiler. 

On account of the small air lines (%4 in.) necessary for 
this system, it adapts itself admirably for the correction of 
troubles experienced with single-pipe gravity jobs. If such 
a job does not heat properly, pounds badly or uses too 
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much steam, which is usually the case, thus using more 
coal per square foot of radiation than necessary, these 
troubles can be overcome readily by changing such jobs to 
air line systems. The one-quarter inch air lines in prac- 
tically all cases can be run down along side the steam 
supply risers to the basement. Very little cutting, if any, 
and no tearing up of floors is necessary. No changes what- 
soever are required on the supply and drip piping installed. 

If a wing is added to an existing building or a story 
or two put on top, and a one-pipe gravity steam job has 
been installed in such building, it means generally that the 
entire heating system has to be changed and all risers and 
the main supply line increased in size. By installing an 
air line system and continuing the supply lines the same 
size as installed into the new addition, the entire job: will 
function properly and satisfactory heating results will be 
obtained, providing pipe sizes have not been skimped great- 
ly on the original installation. The writer has changed 
many single-pipe gravity jobs into air line jobs at very 
little cost to the owner. All are operating satisfactorily 
and in many cases less steam is used for heating the 
buildings. 

The air line system overcomes the most objectionable 
feature of single-pipe gravity jobs, namely, air in the 
system and piping. This air usually leaks into the system 
through valve stuffing boxes, as soon as the steam pressure 
goes down below atmosphere, and must be expelled again 
and again when pressure is raised. The vacuum pull 
exerted by the air line vacuum pump overcomes this ob- 
jectionable feature completely. Not only this, but when 
the steam pressure drops below atmosphere, the vacuum 
formed increases the circulation of the vapor, thus assuring 
warm radiators for a long time even with a fire under the 
boiler insufficient to produce steam pressure. 

















CHAPTER V 
VAPOR HEATING SYSTEMS 


Of late years the vapor heating system has come into 
prominence due to the fact that it produces heat at low 
pressure and consequently low temperature. It comes next 
to the hot water heating system so often admired for its 
even, low heat and easy control during spring and fall 
months, when but little heat is required. A vapor job prop- 
erly installed serves the same purpose. 

Humidity.—Tests recently conducted have shown that 
heat delivered into a room by means of steam radiation 
absorbs a great deal of moisture from the air. Improper 
humidity, which means not enough moisture in the room, 
makes breathing difficult and work harder. The most 
comfortable rooms are those where the air contains from 
40 to 60 per cent moisture and the thermometer registers 
68° Fahr. Very dry air, which generally is present when 
the room temperature reaches 75° or 80° causes discomfort, 
because of the rapid evaporation of moisture from the skin. 
The faster this evaporation takes place the greater the 
cooling effect. This fact seems to be little known and one 
often wonders that a room seems cold when the ther- 
mometer shows 72° F. Numerous tests have shown that a 
person at rest feels the same apparent’ temperature when 
100% moisture is present in a room and the thermometer 
registers 61° F. as they do when the humidity in the room 
is only 55% and the thermometer registers 70° F, This is 
not due entirely to the moisture, but also to the air motion 
brought about by the temperature change. The greater 
the velocity the more the evaporation of moisture from the 
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skin. By maintaining a lower temperature in the radiator 
and consequently in the room, the humidity or moisture 
in the room will be greater than if we use high steam pres- 
sure which brings about a higher temperature. Coal is 
saved and more comfortable rooms are the result of heating 
at low temperatures. The vapor system, properly installed, 
offers the opportunity to heat at low temperature. It also 
has the advantage over the single-pipe steam heating sys- 
tems in that very little fire is necessary during the spring 
and fall months when but little heat is required. The 
vapor circulates rapidly at a few ounces pressure, while in 


a single-pipe or two-pipe steam system it will require 


much greater pressure and more time to heat wp a room. 
With vapor heat the heat readily disappears when the fire 
is low, while with stream heat on a mild day overheating 
is often the result. Such overheating causes the usual 
spring and fall colds. E 

Radiation generally is figured at 10 degrees below zero. 
This temperature in many places exists only for a short 
period and perhaps only once or twice during the heating 
season. We have, therefore, in this case, an excess of 
40 per cent radiation installed when the temperature 
ranges around the freezing point. This excess amount of 
radiation during mild weather will permit the use of a 
heating plant which produces heat at less than 1, 2 or 3 
pounds steam pressure. A vapor heating system, for this 
reason, is well suited to meet the varying weather condi- 
tions, and should be installed when the hot water heating 
system is prohibitive from the owner’s standpoint. 

Velocity and Pressure Drop.—The question is often 
asked by engineers, heating contractors and operating engi- 
neers. What is the velocity per second when the total length 
of the horizontal main is 100 feet in the various pipe sizes 
used? Table XX gives the amount of radiation that can 
be supplied by mains when the pressure drop is 1 ounce in 
100 foot straight pipe, also the velocity in feet per second 
at atmospheric pressure. , ri 












VAPOR HEATING SYSTEMS 79 


Air Eliminator and Return Trap—A vapor system, 
properly laid out and equipped with an air eliminator and 
return trap is shown in Figure 23. The air eliminator is 
necessary to return the condensation to the boiler when 
a steam pressure of several pounds is carried on the system 





TABLE XX 


Sram Marn ror Low-PRESSURE Sysrems Less Tuan 100 
Ferrer in Lenctu, Frevrrve 1 Ounce Drop (Man 
Suppiy Pree S1zEs IN INCHES) 








” 1%" 14” 2° 2%’ 3’ 4° 











Sq. Ft. of 


Radiation 40 75 126 286 535 900 1900 
Velocity Ft. 
Per Second 15 18 22 29 34 40 49 




















5” 6" 72 $s.” 10” 12° 14° 
Sq. Ft. of 
Radiation 3600 5900 9000 | 12500 | 23000 37000} 55000 
Velocity Ft. 
Per Second 58 66 74 80 92 103 113 









in order to reach the far end of wings in large apartment 
buildings, offices, factories and hospitals. 

As long as only a few ounces of steam are carried on the 
boiler, the condensation returns readily to the boiler by 


_ means of the direct return line to boiler shown under the 


return trap and plainly marked “direct return to boiler.” 
The returns from the system, being above the water line 
in the boiler a sufficient height to overcome the static head 
necessary to force the condensation into the boiler, produces 
this result. 

As the pressure increases it becomes more difficult to 
return the condensation to the boiler and it piles up in the 
return line. If no provision is made for its return it will 
back up into the first floor radiators if the pressure is raised 
greatly. For this reason the return trap is used and in- 
stalled as shown in Figures 23 and 24. What takes place 
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when the pressure is too great and the condensation fails 
to return on account of its own weight is this: 
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Condensation fills the pipe underneath the return trap 
and also the trap itself, raising the float in the trap body. 
When the trap is filled, the float trips the valve shown on 


Figure 23.—Vapor Heating System using Air Eliminator on Return. 
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the steam equalizing connection (at left hand side of trap, 
see Figure 24), thus admitting steam at boiler pressure 
into the return trap. The steam pressure closes the check 
_ valve on top of the trap on the overhead return line, thus 
equalizing the pressure in the trap with the pressure in 
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Figure 24.—Proper Connection of Air Eliminator and Return Trap. 


the boiler. When this is done the water seeks its own 
level and returns to the boiler. When all the condensation 
has left the trap, the float in the trap, traveling downward 
as the condensation leaves the trap, trips the steam valve 
in the opposite direction, thus closing the steam supply 
to the trap and opening a vent to the atmosphere, Through 
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Figure 25.—Vapor Heating System using Air Trap Only. 
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this vent the steam in the trap body escapes into the 
atmosphere and the trap is now open to the atmosphere— 
no pressure is present in the trap body. The check valve 
in the return line, on top of the trap, is forced open by 
the condensation in this line which flows into the return 
trap again, gradually filling it. The same cycle of opera- 
tion explained above takes place when the trap is full 
and continues as long as the steam pressure is too great 
to permit the condensation to return by gravity. Should 
the steam pressure drop, the trap becomes inoperative and 
the condensation returns to the boiler by gravity. ‘The 
check valve on the discharge connection from the trap, 
shown between boiler and discharge pipe in Figure 24, is 
necessary to prevent the steam pressure in the boiler from 
forcing the water into the return trap when the trap is 
open to the atmosphere while filling. The check valve 
on top of the trap in the return line keeps the steam from 
entering the return line when the pressure is equalized 


“4, between the boiler and the return trap. 


“Air Trap.—On residence work, small apartments, as well 
as other heating jobs where the lines are short and the 
distance the vapor has to travel is not very great, a return 
trap, such as shown in Figure 23, is not necessary and 
would be too costly to install. In such cases a small air 
trap is sufficient. Such an air trap will give excellent 
results if installed as shown in Figure 25. On the inside 
of this trap is a float connected to a valve on top of the 
trap. As long as no air is present in the air trap, it is 
filled with condensation, and the float being raised, closes 
the air vent valve on top. When air accumulates the water 
is forced downward and the float receding with the water 
opens the air valve on top, allowing the air to escape into 
the atmosphere through pipe A, Figure 25. When the air 
has escaped the water rises again and with it the float 
closing the air valve, thus the condensation resumes its 
way back to the boiler. The function is entirely automatic 
and the air is released as rapidly as it forms in the air 
trap. 
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Some manufacturers locate this air trap as high as 
possible above the return line, but in this case they place 
a thermostatic air vent on the discharge of the trap. I 
believe this to be wrong, because in such a position the 
trap is of no account and it is therefore useless. It is 
just as good to place a combination ball float air vent, 
equipped with a thermostatic disc, on top of the return line 


Figure 26.—Return Trap Connection behind Radiator. 











near the basement ceiling. It costs much less and serves 
the same purpose. The ball float in the air vent will pre- 
vent water from being discharged and the thermostatic 
dise will expand and close the outlet port when all air 
has been expelled, thus preventing the escape of steam. 
Hot Water Type Radiators and Connections.—On a vapor 
job nothing but the hot water type radiators must be used 
if economical results are expected. Steam radiators will 
not work satisfactorily on vapor jobs, and it is a waste 
to the owner in fuel bills. The supply valve must be 
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connected to the top of the radiator and a vapor trap to 
the bottom, as shown in Figure 26. Before the trap 
(which is in most cases one-half inch) is screwed into the 
radiator, make sure that an eccentric bushing is placed 
in the radiator at the bottom, with the hole in the bushing 
turned downward to remove all the condensation possible. 
The writer has seen many jobs where the supply valve 
was installed on the bottom of the radiator with the 
eccentric hole in the bushing turned downward while the 
eccentric bushing on the trap side was turned upward. No 
condensation can be returned through the trap in such a 
case, because all the condensation will flow back into the 
supply line for the reason that the opening on the supply 
side is lower than on the return side of the radiator. If 
straight bushings are used, as is too often the case, both 
the supply opening of the radiator and the return are on 
a level when the valve is placed on the bottom of the 
radiator. The condensation in the radiator will flow 
back into the supply line in place of going out through the 
trap, due to the fact that the thermostatic disc in the 
trap does not open the trap in most all cases until the 
condensation in the radiator has dropped to a temperature 
of 192° to 196° F., and on some traps even as low as 
186° F. Long before this temperature is reached, the con- 
densation has gone back through the supply line. This fact 
causes pounding, because on a vapor job the supply valve 
and connection are not large enough for handling both 
vapor and condensation from the radiator at the same time. 
It cannot be too strongly urged that all jobs which have 
given trouble be checked, and if straight bushings are 
found, or eccentric bushings installed wrong as explained 
above, that they be changed, as outlined. For this reason 
none but water type radiators should be installed on any 
heating job where traps are used on the radiators. The 
supply valve on all such installations must be placed on 
top and the trap on the opposite side of the radiator on the 
bottom, as shown in Figure 26. On many vapor jobs, the 
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trap is installed on the supply side of the radiator as shown 
at A in Figure 27. This is wrong because the steam flow- 
ing downward in the first section of the radiator expands 
the thermostatic disc in the radiator trap, thus closing the 
trap. The air is pocketed in the radiator and the conse- 
quence is that such a radiator will heat only partly. The 
action of the steam in this case is indicated by the arrow 
in Figure 27. When a cast-iron sectional boiler is installed, 
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Figure 27.—Proper and Improper Trap Location on Radiator. 


the discharge from the return trap should be connected to 
a return header, as shown in Figure 28, so that all the 
sections are connected together and in this manner receive 
an equal amount of the condensation. Sectional boilers 
on some installations prime or show a lower water level in 
the rear sections where the heat is less than in the front 
sections. This causes burning out of sections, sometimes 
in the middle of winter. This trouble is lessened and 
in the majority of cases entirely overcome, when a return 
header is installed connected to all sections, as shown in 
Figure 28. Many times the writer has seen installations 
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where the return is connected only to the first section and 
no attempt is made to equalize. It is assumed that the 
water will seek its own level. When the boiler is fired 
heavily, and the supply pipe to the radiators connected 
to the center opening, without providing a header on top 
of the boiler, connecting all sections, the water in the 
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Figure 28.—Boiler Supply and Return Header. 


boiler will rise in the front section, thus drawing the water 
below the flue passages in the rear sections. The intense 
flame causes the boiler surfaces, not protected by water, 
to expand greatly and cracking of these sections is the 
result. 

Figure 28 shows not.only the proper method of con- 
necting the equalizing header on the bottom of a sectional 
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boiler, but also shows how a steam header is placed on 
top of a sectional cast iron boiler to overcome the trouble 
explained above. Many jobs have been found where the 
top as well as the bottom openings, provided by the manu- 
facturer of sectional boilers, were plugged and only one 
return connection and one steam supply connection used. 
This is wrong and such practice cannot be condemned too 
strongly. The manufacturers of cast iron sectional boilers 
place these openings on their boilers for a purpose and 
they must not be plugged but used as directed. (See 
Figure 28). On some boilers the opening for the returns 
are on the rear while others have these openings on the 
side of the boiler. Regardless of where they are they must 
be connected together to a return header if proper results 
are expected. When only one supply main is needed.it may 
be connected in the center of the boiler supply header, thus 
drawing from all sections alike. 

'The supply header shown in Figure 28 should be con- 
nected to the return header in order to equalize. This 
equalizing connection is shown in Figure 25. Such connec- 
tions must be placed ahead of the check valve. 





CHAPTER VI 
VACUUM SYSTEMS OF HEATING 


There are two kinds of vacuum systems, one is called 
vacuum return line system, and the other overhead vacuum 
heating system. 


VACUUM RETURN LINE SYSTEM 


In this system a vacuum is pulled on the return line only. 

The supply main is located in the basement and the upfeed 
risers extend to the various floors from the basement. The 
vacuum return main is also located in the basement and 
the return risers connect to it. The radiators are operated 
on steam pressure which varies on the different jobs from 
one-half to five pounds pressure. The vacuum pump is 
called upon to maintain a vacuum on the return lines only. 
The only time vacuum is produced on the radiator is when 
the pressure is so low that the radiator traps are partly 
open. 
The merits of these systems are as follows: small pipe 
sizes, noiseless and economical operation, removing of all 
air from the system, quick circulation and its adaptability 
to the use of exhaust steam without carrying much back 
pressure on the engine. 

Figure 29 shows the layout of a return line vacuum sys- 
tem. Proper pipe sizes, location of supply valves and 
traps, also all other information governing this installa- 
tion are given in the following pages. 


OVERHEAD VACUUM HEATING SYSTEM 


The overhead vacuum heating system possesses all the 
advantages of a vacuum return line system plus many 
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others not found in that system. The main advantage is 
the fact that no steam pressure is required on the supply 
main or on the radiators. The entire system if installed 
properly is operated on 2 to 6 inches of vacuum on the 
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Figure 29.—Vacuum Return Line System, Basement Supply. 





VACUUM SYSTEMS 


supply and from 6 to 10 inches of vacuum on the return. 
This system has proven successful in operation even 
under the most severe weather conditions, when the outdoor 


temperature dropped to 20° below zero. At this tempera- 
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Figure 30.—Overhead Vacuum Heating System. 
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| ture 2 inches of vacuum was carried on the supply line and 
8 inches of vacuum on the return line. On the overhead 
vacuum system the supply main is located in the attic space 
or in a space provided between the top floor and the next 
lowest floor ceiling. Figure 30 shows the layout of an over- 
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Figure 31.—Downfeed Riser, Dirt Pocket and Trap Connections. 





head vacuum system. Note that the only difference be- 
tween the two systems is the location of the main and 
branches and the installation of a trap in the bottom of the 
' main riser to take care of the condensation. 

i This system has another advantage, namely, there are no 
pipes in the basement which can be used to good advantage 
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for other purposes. This feature is of particular value in 
hotels, hospitals, office buildings and institutions. All hot 
and cold water pipes, gas pipes, etc. can be located in the 
space provided for the steam mains and distributing lines, 
leaving the basement entirely free of all pipes. The dis- 
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Figure 32.—Trap Connection for Upfeed Vacuum Main. 


tributing lines from the main to the downfeed risers are 
located in the attic space with the main, each branch 
being valved separately to facilitate repairs and the clean- 
ing of the traps on the radiators. At the bottom of each 
downfeed riser, dirt pockets are placed in which the core 
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sand from the radiators, chips, etc. gather. The return 
main is located in the basement and connects to the vacuum 
pump as shown in Figures 29 and 30. 
All piping is pitched in the direction of flow. On the 
bottom of each downfeed riser 8 to 10 in. above the dirt 
pocket, a trap is placed the outlet of which is connected 


to the vacuum return. Figure 31 shows the dirt pocket, - 


trap and connections. Hot water type radiation is used 
exclusively on all vacuum systems. The supply valve is 
connected to the top of the radiator and the trap on the 
opposite side by means of an eccentric bushing in the 
same manner as shown in Figure 26. 

Radiation for the various rooms is figured in the same 
manner as described in the first chapter of this book. The 
entire piping system as well as the radiators and boiler 
being under vacuum, the water boils and forms vapor at 
a temperature far below the ordinary boiling point of 
water. 

Circulation is very rapid and absolutely noiseless. The 
condensation of the main, running from the boiler to the 
attic, is taken care of by a thermostatic trap on the bottom 
of the main or by a ball float trap as shown in Figure 
32, the outlet of which must be connected to the vacuum 
return. The ball float trap is preferred because of its 
unlimited capacity and assurance that all condensation 
will be promptly removed, no matter what temperature it 
may be. 

Both the overhead vacuum system and the return line 
vacuum system use smaller size pipes than any other system 
described. Not only the main can be smaller but all the 
branch lines, radiator connections, return main and drips, 
as well. This fact is important because of the saving 
affected in the initial cost of pipe, fittings, radiator valve, 
etc. This is made possible by the vacuum pulling the 
condensation to the pump at a far greater velocity than 
the condensation travels in the return line of any steam 
or vapor system. Another factor is this: on any steam 
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or vapor system the steam or vapor must push the con- 
densation back to the boiler while on a vacuum system it 
is pulled back by the pump. Table XXI gives the number 
of square feet of radiation that- any size main will safely 


_carry, and Table XXII the size of riser, returns and radi- 


ator connections. 


TABLE XXII 


Pree Sizes ror Vacuum Heratine Systems—Carpaciry 

In Sq. Fr. or Rapration ANy BrancuH, Riser, RETURN 

or Raprator CoNNECTION WILL SAFELY Carry, If THE 
Toran LenerH Dors. Not Excrrp 75 Ft, 








Pipe Riser Main Return | Radiator Drip 
Size | Dripped | Return Riser {Connection} Pipe 
i” roe sah te 54e5 100 
344 SS Aa 600 400 200 
a” 40 1200 600 400 
1%" 75 2400 1200 600 naa 
14” 150 4800 2400 800 3%” 
2” 300 9000 4800 .a% 34" 
24" 500 15000 sate ee 34” 
3” 900 23000 ee Mais 1% 
34" 1500 wate 1485 ewe 1” 
4” 2000 1’ 
5” 4500 
6” 7000 
r if 9000 
8” 12000 


Economy of Vacuum Systems.—The reason why a 
vacuum system is more economical in operation becomes 
apparent if we study Table XXIII for a few moments. 
This table gives us the vacuum range from 25 in. to 1 in. 
and also the pressure for 1 lb. to 15 Ibs. of steam, the 
boiling point of water at the various stages, the latent 
heat in steam available and the volume of 1 pound of steam, 
that is the space 1 lb. of steam occupies under the different 
conditions. 
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From this table let us select 4 in. of vacuum which has 
been carried on the overhead vacuum system described, 
most of the time. At 4 in. of vacuum water boils at 205° F., 


TABLE XXIII 


Steam TastE—Bornine Point or Water, Latent Hear 
OF SteaM AND VotuME or 1 Lp. or Steam At DIFFERENT 
VACUUM AND PressurE ConDITIONS 














Gauge Boiling Latent Volume of 
Pressure Point Heat 1 1b. Steam 
25 in. Vacuum 130° F. 1017.4 157.1 cub. ft. 
20 “ « 160° “ 1001. Ti a 6 Sere 
19. ¢ . 164° “ 998.7 10 Were & 
18 “ 168° “ 996.4 64:57, 188 
17 * 172° « 994.4 59.4), % *4 
16 “ “ 175° “ 992.4 AR a te 
15 * “ 178° « 990.6 VE RE 
14 * - 181° “ 988.8 a0 rar” Furs 
13 * s 184° “ 987 .2 46:2, % 8 
12 « e 187° « 985.6 48.4 “ & 
11 “ 190° “ 984.1 BOs 8% 
10 “ & 192° “ 982.6 OS Gath s 
9 “ . 194° « 981.2 Ore YS 
8 “ * 197° 979.8 35716) Sie 
7% = 199° “ 978.4 BAe oc 
6:;% S 201° “ 977.1 82:9 oe 
§-* “ 203° “ 976.0 31.7) 
4“ . 205° “ 974.8 30.6 2 e 
3 & 207° “ 973.7 Zsa Sal™ 
24 208° -« 972.6 28.9 £.* 
i ¢ 210° ¢ 971.3 2S eee 
Zero 212° « 970.4 26.8 “ # 
1 1b. Pressure 215° “ 968 . 4 25, bps 
2 . 219° “ 966.2 2326.9") * 
38 ‘i 221° * 964.3 22.Gar tr 
4¢ . 224° « 962.4 QB oy 
5 « # Zar. 960.5 20: 9 
6% * 230° “ 958.8 19.4 Ss 
Ve i 4o0 © 957.2 18.7 2% 
8 # $ Z35* '* 955.6 17:38 CAs 
9 « 2378: * 954.0 a7 2 OS 
10 “ 5 239° « 952.4 toa “Se 
16 & B50? 945.5 ae, Oy 
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contains 974.8 B. T. U. and 1 Ib. of steam has a volume 
of 30.5 cu. ft. On a steam heating system operating on 2 
Ibs. of pressure, the water boils at 219° (14 degrees higher 
than on the vacuum system) and contains only 966.2 
B. T. U. (latent heat). The volume is only 23.6, against 
30.5 in a vacuum system. From the foregoing, when we 
consider that the latent heat and volume plays an impor- 
tant part in heating, we will note that not only coal is 
saved under the boiler, due to the lower boiling point of 
the water under vacuum (205° as against 219°), but that 
the latent heat available at the expansion of the steam 
is greater in a vacuum heating system than it is ina steam 
heating system. The principles involved in vacuum 
heating are well brought out in Table XXIIt. 

Vacuum heat is ideal during the spring and fall months, 
when little heat is required, because it requires very little 
fire to produce vapor which is circulated throughout the 
system rapidly and which disappears rapidly if the dampers 
are closed on the boiler. The vacuum pump 1s generally 
automatically controlled and maintains a certain vacuum 
on the entire system. If this pump is electric-driven, it will 
operate spasmodically during the night, thus assuring 
warm radiators during the greater part of the night with 
a banked, fire. 


USING EXHAUST FOR HEATING 


The vacuum system adapts itself admirably to the heat- 
ing of buildings by means of the exhaust from engines, 
pumps, air compressors, ete. It is often assumed that 
exhaust steam has but little heat value for heating purposes 
and that the cylinder oil prohibits its use. When a good 
oil extractor is installed in the exhaust line, there is no 
danger of the cylinder oil getting into the system. Central 
heating plants, operating in practically all large cities, 
carry the exhaust from the power house engines in pipes 
under the street level and often heat ten to twenty blocks 


with exhaust steam. 
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The value of the exhaust steam becomes more apparent 
when we consider that valuable heat units are contained 
in the exhaust after it leaves the engine or pump cylinder. 
When exhaust is used in steam heating systems, such as 
the single and two-pipe gravity jobs and the vapor heating 
jobs, a back pressure must be carried on the engine to force 
the steam through the heating system. This is not neces- 
sary with a vacuum system. When properly arranged, such 
a system will pull a vacuum on the engine exhaust line, 
thus relieving the engine of all back pressure. An atmos- 
pheric relief valve must be installed when exhaust is used 
on any heating system, to relieve any excess steam into the 
atmosphere when the heating system is not in operation or 
when the majority of radiators are shut off. An engine 
will do more work when the back pressure is removed, 
therefore it will operate more economically if the exhaust 
from the engine is used in a vacuum heating system, and 
a vacuum pulled on the exhaust line, than it would if the 
exhaust is discharged into the atmosphere. (14.7 lb.) In 
this manner the heating of the building using exhaust will 
not cost the owner one cent and the engine will produce 
more work while the vacuum heating system is in operation. 

Loss of Heat When Exhaust is Wasted.—Let us briefly 
censider the loss of heat when the exhaust is wasted. Let 
us start with the boiler and, see what losses occur during 
the entire process of combustion and steam distribution. 

The heat loss in firing 100 per cent of coal through 
inefficient firing, losses up the stack, through the boiler 
walls and in the boiler itself amounts to 40 per cent 
approximately, leaving 60 per cent delivered to the engine 
pipe line. The loss in the pipe line amounts to 2 per cent, 
so we actualiy deliver to the engine approximately 58 
per cent of the heat in the coal burned. The loss in the 
engine is approximately 5 per cent leaving only 53 per cent. 
Of the heat that entered the engine, 91.7 per cent goes 
with the exhaust steam. If the exhaust is used to heat the 
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feed water, approximately 13 to 14 per cent of the heat 
in the exhaust is absorbed. 


Dry exhaust from an engine contains 53 per cent of the 
heat of the coal fired under the boiler; this leaves approxi- 
mately 47 per cent of the heat of coal consumed under 
the boiler for heating purposes. This heat is wasted if 
the exhaust is discharged into the atmosphere. It, there- 
fore becomes apparent that a material saving can be 
effected by using exhaust steam for heating, particularly 
if a vacuum heating system is installed. 


FRACTIONAL RADIATOR VALVES 


Fractional and graduated radiator valves are used by 
some engineers on vapor and vacuum heating systems with 
openings so arranged that only a certain amount of steam 
is supplied to the radiator. In my way of thinking this is 
an unwise thing to do. Such valve openings as are pro- 
vided must be figured for a certain pressure on the boiler. 
If the pressure is greater, more steam will pass through the 
opening. If the pressure is less, not sufficient steam will 
pass into the radiators. 


The valve dial is graduated in degrees and a pointer 
indicates that the valve is set to maintain a certain degree 
of room temperature. When the steam pressure is higher 
than the engineer figured when specifying the opening, 
the room temperature will be higher also; when the steam 
pressure goes lower, the room temperature will lower corre- 
spondingly. ‘There is nothing gained by the installation 
of graduated radiator valves. Any full opening radiator 
valve will serve the same purpose and will cost less. Any 
radiator valve may be set at a certain position to allow so 
much steam to enter the radiator or may be varied at will 
of the home owner. There is a decided disadvantage in 
the use of graduated valves. The opening is often fixed 
by inserting discs or slotting the dise nut, and no matter 
how much the valve is opened there is a restriction to the 
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amount of steam such valves will pass—they will never 
give a full opening. 


THERMOSTATIC TRAPS 


Thermostatic traps and air valves used on vapor, air 
line or vacuum jobs, derive their name from the method 
by which their action is controlled, namely the thermostatic 
disc or bellows which is placed in the trap body. 


TABLE XXIV 


Various CHEMICALS AND THEIR Bortine Points IN 
Decrees Fanr. 





Wood Alcohol..................... 
Columbian Spirits 
Bthet 65.6456. f tiesto ne bbb dine 


Bulphorie BOs ooo aces sale siares tu Ginnie} 6 hye See Bavewhn od jue KE 24 
Petroleum in oO Woe ars sate vitals oa clo w-die Wy bot hea oy Geena 
DUPPeNtUie So ag winde srl ghia gs hiGawiasn cheesey O48 Aw cee oe 
BUIP DUP e heh s oehuk aS hecased Cava D ase aea dee ea tote ae 
Tanssed Ome ee Sc Bae Ie ak cts wk Gatch tavethnc haben Poe 





The thermostatic disc is spun or stamped out of brass 
or bronze of from 28 to 32 B & S gauge metal, and the 
two halves are spun or soldered together on the circum- 
ference, leaving a space between the two halves. This 
space is either partly or entirely filled with a chemical 
which has a lower boiling point than water. The reason 
of this is that the thermostatic disc must expand and 
close the trap‘discharge opening to prevent the escape of 
steam into the return. Steam temperature at atmosphere 
pressure is 212°, therefore the trap must close below that 
temperature. The closing point of most all traps varies 
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between 192° and 196°. Some go as low as 186° F., while 
other trap manufacturers claim that their traps discharge 
close to the 212° mark. Traps that close near the 212° 
mark are not as efficient as those that close at 196°, because 
invariably they leak steam. It is not practical to work 
too close to 212°. This cannot be successfully done as you 


TABLE XXV 


Pressure IN THERMOSTATIC Disc at GIvEN 
TEMPERATURES, Disc CHArceD WITH 
CoLUMBIAN Spirits 





Lbs. Pressure 


Doha ett a yc) iss Moa Se EAE 0 
VOOR AKA I Osis Sch Gree sole os ean eels a3 24% 
UTER SA SERS Na M6 0 Me oe oy bo ge tea es 3 
BBDERA Nath cc eX stb 6 So actos el bases navelge 6 
DURES A PETES os a aisidis ind See ne ad eas 10 
DERE 2 soe i 055 5. odie un Soe am coos 16 
A Se a 21 
1S Re ee ee 27 





TABLE XXVI 
Pressure IN A Disc Cuarcep Wirn Equa Parts or 
CoLUMBIAN Sprrits AND WATER AT 


Various TEMPERATURES 





Lbs. Pressure 








Note that this mixture at 212° develops 22 Ibs. pressure, while 
the straight Columbian spirits at 212° develops 27 Ibs. pressure. 
Therefore the more water used, the less will be the pressure per 
square inch. Tables XXVII, XXVIII, XXIX, XXX and XXXI 
give the pressure of various other chemicals used for expansion discs, 
traps and thermostats and for other purposes. 
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will note from the tables published later on and by the 
method pursued in charging the thermostatic discs. Any 
trap that closes between 190° and 200° can be relied upon 
to perform satisfactorily on any heating job where hot 
water type radiators are installed. Where steam radiators 
are used, with the supply valve on the bottom of the radi- 


TABLE XXVII 
Disc CHARGED W1TH CHLORIDE oF ETHYL 





°F Lbs. Pressure 
VSO ielns ort Cee. Shia antes Bae ET 115 
DOO goer obits Ob Wile eG Sean Ba oe en Cee 85 
YAO iocieie cana habces Who OO Owe 60 
D2O sein mates boule wi kaeetas , “esse Cea ease 40 
ROD. ows 06-045 oe Fe PAD SESE GlEG aR bed 22 
SO sik ee cenavedecordeae Gdidc Wve fe diacdeae 9 
Ong oo be Wen ee eae HES Sy enae EAS 7 





TABLE XXVIII 
Disc CHARGED WITH ETHER 





°F, Lbs. Pressure 
TD oes oh erect Hocoae bina ad on oak ment eevee 15 
LSD ihc kiln DE eee FE re eon 40 
NOD oo ota dic ere ids ea kia ard dae ees 42 
VO 324. oA 2S ites eck ton die bs Maca 2g 44 
TS occ: oisnea cect eaG wae bun ode Wadire ds ae Soe 50 
DQ00e cision Satie Mia csadean Hamers tae 65 





TABLE XXIX 
Disc CHarcep WitH ACETONE 





°F, Lbs. Pressure 








WW 
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ator, the trap must discharge at a higher temperature so as 
not to pile up too much condensation in the radiator, which 
will flow back into the supply line if the trap does not 
open to discharge it. 

Condensation, as a rule, cools more rapidly in a hot 
water type radiator than in a steam radiator, due to the 
fact that the steam entering at the bottom of a steam 
radiator keeps the temperature of the condensation in the 
radiator at a higher degree. 

Chemicals Used for Thermostatic Discs—Some chemi- 
cals used for charging thermostatic discs are given in 
Table XXIV, 


TABLE XXX 
Disco Crarcep Wirn Carson DisuLPHIDE 





Lbs. Pressure 





TABLE XXXI 


Disc Crarncep Wire 3 Parts CoLuMBIAN SPIRITS 
1 Part WaTER 


°F. Lbs. Pressure 





From these tables any combination may be worked out, knowing 
what pressure may be expected at a given temperature. 
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Some of these chemicals can be diluted with water to 
increase their boiling point. For instance, 2 parts Colum- 
bian spirits and 21% parts of water, mixed, boil at 165°, 
and 4% parts water and 2 parts Columbian spirits boil at 
190° F, 

When a chemical is sealed up in a disc such as is used 
in traps, thermostats, air vents, etc., it forms vapor when 
heated to the boiling point given for that chemical in the 
table. If more heat is applied, pressure is formed in the 
disc, thus expanding it a certain distance for each pound 
of pressure formed. It is this expansion of the disc that 
is used in traps to close the valve in the trap at a certain 
temperature. When the distance any size disc will expand 
at a certain temperature is known, then the travel of the 
valve in a trap can be determined. In order to show how 
this may be accomplished, let us take a trap disc charged 
with Columbian spirits which boils at 150° F. When this 
disc is placed in water and the water heated, the pressure 
given in Table XXV is exerted on the walls of the disc 
at the given temperature. 

The pressure in the dise controls its travel, more pres- 
sure greater travel, less pressure less travel. A thermo- 
static trap with single dise generally has a travel of from 
1/16 in. to % in., depending on the diameter of the disc. 
If a greater travel is required, we must use two or more 
discs or use the bellows that are installed in some traps. 

Most all radiator traps are 1% in. pipe size, but the 
opening in the traps, however, is not in all cases the same 
size as the pipe. Most 14 in. traps have an opening not 
greater than 8% in. and some only 5/16 in. or even % in. 
opening through the seat. This restriction is necessary be- 
cause if a large opening is provided and 10 or 12 inches of 
vacuum is pulled on the return line, the trap would not 
open. The vacuum pull would hold the trap closed for 
the reason that all traps depend on the collapsing of the 
disc or the contraction of the metal bellows to open the 
trap. What takes place when the temperature drops in the 
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trap is as follows: a lower temperature causes less pressure 
in the expansion disc, the chemical vapor in the disc con- 
denses, thus reducing the pressure in the disc. The 
spring tension of the metal pulls the disc together. The 
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Figure 33.—Method of Charging Thermostatic Trap Disc. 


valve tip or seat, being fastened to the disc or bellows, 
opens the discharge port of the trap. 

Charging Thermostatic Discs.—There is nothing simpler 
than the charging of a thermostatic disc. (See Figure 33). 


HOLE THROUGH WHICH SOLDERING 1ROW 
4S APPLIED TO SEAL OPENING 






By 
G 
MM ws oO 






THERMOSTATIC o18C 
Figure 34.—Gauging and Sealing Fixture for Thermostatic Discs. 


Place a disc in a shallow vessel, into which the chemical 
is poured, covering the disc one to two inches. Press down 
on the disc and the air will be discharged from the disc 
through a small hole previously drilled in the disc. Release 
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the pressure on the dise and the chemical will be sucked 
into the disc. If this operation is repeated several times 
the entire disc will be filled with the chemical. If it is 
desired to leave some air in the dise place the disc in a 
fixture, as shown in Figure 34, that will compress the 
disc to any desired point. In this manner all discs can 
be sealed leaving the same amount of air in each and all 
will be of the same thickness. 

Care must be taken when the dise is soldered not to 
heat the metal too much. Heat from the soldering iron 
will expand the chemical and the fluid pressure will 


FILLING HOLE——~ 


f 
i a ss | 


SINGLE DISC OOVBLE DISC 


Figure 35.—Single and Double Thermostatic Discs, 


prevent the solder from adhering to the disc. Soldering 
must be done quickly with a moderately hot iron. If a 
bellows is to be charged it can be done in the same manner 
as shown in Figure 33. 

Some thermostatic discs used on air vents have a piece 
of blotting paper inside and this, soaked in the chemical 
and inserted before the disc is soldered together, provides 
the necessary amount of chemical to each dise. 

Discs screwed to the cover usually have a sealing hole 
in the screw end as indicated in Figure 35. 

Discs for room thermostats are sometimes charged with 
chloride of ethyl, which boils at 54° F., and exerts a pres- 
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sure of % pounds per square inch on the disc walls at a 
room temperature of 70°. Such discs are placed in ice 
water while being charged and sealed, to prevent the 
evaporation of the chemical, which would take place at 
room temperature. 


TABLE XXXII 


EXPANSION oF STeEL Pipe Per 100 Fr. at DIFFERENT 
PRESSURES AND TEMPERATURES 





Expansion per 100 


Steam Pressure Temperature °F. t. Steel Pipe 
cat ae ey ae ee 70 0 in. 
15” Vacuum 176 0.8 “ 
5” Vacuum 201 10% 
0 lbs. pressure 212 1.1% 
2% ¢ 6 220 1.2 * 
ay * 225 1.6% 
pt RAG . 250 1.7% 
S12) * 275 1.9 “ 
1 Oe a 300 2.0'* 
100s & < 327 2:54 
140°. . © * 353 256 * 
180“ - 373 2:8 * 
250 * ad 400 3.0 * 





EXPANSION ON RISERS, MAINS, ETC. 


On vacuum heating jobs the mains and risers are often 
very high, particularly on heating systems in skyscrapers, 
institutions, hotels and hospitals. How much will the pipe 
expand and what allowance must be made for expansion 
jeints or swing joints? Table XXXII gives the expan- 
sion of both high and low pressure mains, risers, etc. at 
different temperatures and pressures, per 100 ft. of length. 
If a pipe is 500 ft. long, multiply the expansion given in 
the table by 5. If the pipe is 50 ft. long, divide the 
expansion given by 2. 


s 
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PROPER PITCH OF PIPES —— EFFICIENCY — 
CONDENSATION RETURNED IN A GIVEN TIME 


After a great deal of experimental work to determine 
the proper pitch of branches, radiator arms, mains and 
risers, the following facts have been compiled: Table 
XXXIII shows the size of pipe, steam pressure, and the 


TABLE XXXIII 


ConDENSATION RETURNED IN 10 MinuTEs IN VARIOUS 
Sizes or Rerurn Pipes at 14” Soper 
6” SLOPE, AND VERTICAL RISERS 





Slope 14 in. | Slope 6 in. 
Vertical in 10 ft. in 10 ft. 
Pipe Size | Pressure ._—@-@——|—_____|—______- 
Condensate | Condensate | Condensate 
Return in Return in Return in 
10 Minutes | 10 Minutes | 10 Minutes 





34" 1 | s a ee lbs. .937 lbs. 1.562 Ibs. 
x4) 2 : 1.437 : 1.000 ‘ eo 5 he : 
| g« | ioe | core | ee 
34" 5 « 1.375 “ .937 “ 1.312 “ 
34" 6. * 1.325 “ 1.000 “ 1.500 “ 
1” 1lb 3.312 Ibs. 2.000 lbs. | ..... lbs. 
1 2 “ 3.218 “ 2.125 “ 3.687 “ 
1" 3 : “iss : 1.887 os ives : 
1" p< | gisz« | nee fos 
1” 6° * 3.375 “ 1.812% (| as oe < 
1%" 1 Ib. 5.687 Ibs. 4.437 Ibs. 5.620 lbs. 
114” 2 “ 5.250 “ 4.500 “ 6.125 “ 
14” ae 5.000 “ 5.000 “ 5.625 “ 
14" 4 « 5.375 “ 4.750 “ 5.625 “ 
144” 5 & 5.437 & 4.687 “ 6.000 “ 
14" 6 “ ht | a a EN % 5.875 “ 





Although the values shown above vary somewhat, apparently 
no relation exists between pressure and critical velocity. These values 
are single readings and the variation is apparently due to irregularity 
of flow of condensate at the critical point and to the short duration 
of each test. 2 
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amount of condensation returned from a vertical riser in 
ten minutes; the condensation returned in ten minutes 
from a branch sloped 14 in. in 10 ft., and the condensa- 
tion returned from a branch sloped 6 in. in 10 ft. 

Table XXXIV will explain the necessity for proper 
pitch when we consider the various slopes in 10 ft. and the 
number of B. T. U. transmitted. This table is worked 
out for 134 in. pipe only—all other sizes are proportional. 


TABLE XXXIV 


S1zz oF Prrz, Stope in 10 Fv., anp B. T. U. TransMiIrrep 
Per Minute 





Size of Pipe Slope in 10 Ft. B. T. U. Transmitted 
Per Minute 
SEM Sw si aie aieers prs ese es boee 4% 448 
eo ire Sind oSibintetece a aregeas 575 
14%” PIPE Do as. 5 anecn esa Settee wee eras 566 
; Wa eo e6 disiesscieus to eserees 6 584 


Comparing the effects of the different slopes on the 
capacity of the pipe and the efficiency that is obtained we 
note that by increasing the slope from 1% in. to 114 in. in 
10 ft., we gain 28.3 per cent. From this point no apparent 
gain results. This fact is true regardless of pipe sizes. 
No branches, however, should have less than 1% inch slope 
per 10 ft. if satisfactory and economical results are 
expected. These tables should be studied carefully in 
laying out heating plants, because they show what takes 
place in the return line. It has been too often erroneously 
assumed that returns could be small, particularly 
if vertical, due to the fact that the condensation 
occupies a smaller space than the steam from which it 
originated. While this is true to a certain extent, when 
we forget efficiency entirely, we may be led to think that 
small pipe sizes may be used on all returns and will prove 
satisfactory. A glance at Tables XX XIII and XXXIV 
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will prove, however, that our assumption is wrong and 
that the larger size returns in comparison with the smaller 
are more efficient. 


VACUUM PUMPS 


Vacuum pumps used on vacuum heating systems may 
be steam or motor-driven. On small installations the 
motor driven unit is the more economical. On large heat- 
ing installations a steam driven vacuum pump may be 
desirable. Steam vacuum pumps are now manufactured 


TABLE XXXV 


Size or Low Pressure Steam Driven Vacuum Pump 
CYLINDER Usrep on Low Pressure STEAM AND 
Vacuum Heatine Systems, Atso SQuarE 
Fret or Raprarion Eacu Size Writ 
TAKE CARE OF 


ea 





Steam Steam Water | =Sq. Ft. of 


, Pressure Cylinder Cylinder Radiation 
10 Ibs. 8 in. 3. in. 1500 
10 “ 8 « 3 “ 2200 
10 “ § 4 — 4 2800 
10 « 12 $6 7900 

6 90 
20 “ 6% “ 3% 3 1500 
4 r 6° : a7 : 2200 
20 i « _ 7900 
20 “ 12 * 6 & 8800 
20 “ 12. 8 8 ¢ 18800 





to operate on 10 Ibs. steam pressure. ‘The size of such 
pumps and the square feet of radiation they will take care 
of are given in Table XXXV. 

On small installations, electrically operated, the return 
line should be connected to a receiving tank. In this 
tank a float arrangement should be installed to operate 
the electric switch, if the pump is motor-driven, so that 
the pump may cut out automatically if the water level in 





<. -. 
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the receiving tank is low and cut in when the water level 
reaches a predetermined point. This arrangement will save 
current. It also reduces the wear and tear on the equip- 
ment. If the job is tight and sufficient receiving tank 
capacity is provided, the vacuum pump often is shut down 
for 15 to 30 minutes at a time. 

The proper size receiving tank for various jobs is given 
in Table XXXVI. 


TABLE XXXVI 


Size or Receiving TANK FoR VAcuuM HEATING 
Systems AND SquarkE Fret or RADIATION 


cS 





Sq. Ft. of Receiving Tank 

Radiation Gallons 

5000 25 gals. 
8000 28 “ 
16000 33 “ 
26000 40 “ 
40000 50 “ 
65000 63“ 
100000 so “ 





On low-pressure heating systems the condensation can 
be discharged directly into the boiler by the vacuum pump. 
When high-pressure boilers are installed and the steam for 
heating is reduced by a pressure-reducing valve, the con- 
densation from the vacuum pump should be discharged 
into a receiving tank, vented to the atmosphere, and to this 
tank the suction of the boiler feed pump should be con- 
nected. This arrangement will allow the air to escape. 

Never Cover Vacuum Returns.—The biggest mistake, 
too often made, is the covering of the vacuum return line 
with asbestos covering. This should never be done for the 
reason that the condensation coming from the radiators 
has a high temperature. When the vacuum pump 
ig normally operating, there will be a vacuum of 
from ten to twelve inches on the return line. At 


‘ 
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} 
10 in. of vacuum the water will boil at 192° F. and at 12 in. i Nl 
of vacuum it will boil still lower, namely at 187° F. If ec Re ~ 
the condensation from the radiators enters the vacuum aia s ree IS 
return line at 196° F., it will immediately flash into steam 1 | dh |S ak S 
because of the low boiling point of water under vacuum, £ h Ol) Q Se mR 
: as above explained. The vacuum return line, being cov- 2 aes | ma ae XD 
ered, cannot be cooled by the surrounding air so that the =, S a 
steam may be condensed, consequently the pump is forced 2 i il) S | 
to pump partly steam. This causes the pump to operate g BS =a |= ™ Bs 
with a jerking motion so often noticed in heating and ey ~~ aaa 1s GT Sy 
lants. The steam in the return destroys the vacuum eles By "led 
power plants s y oe ae Be 
also, because you cannot have steam and vacuum at the @ |e |X f 
same time. When the pipe is not covered with asbestos : se 3 T 
' covering the surrounding air condenses the steam in the o A WY Z\ 
pipe, cools the water in the return, and much better oper- = BS md Ul 
ating conditions result. The vacuum will be more steady $ oe 
and the pump will operate more satisfactorily and con- Ft 
sume less current and less steam. When the steam in the £ 
uncovered return condenses, it helps to form a vacuum in i ol 
the pipe, thus assisting the vacuum pump. 3 ui eps 
Many heating jobs where trouble occurred and on which =<? N 
| cold water sprays were installed on the return lines to a 9 
i : q 7 % 7 - S 
condense the steam, have been remedied by simply remov- 3 iS 
} ing the asbestos covering from the return lines. 2 a x 
Vacuum Pump Connections.—Figure 36 shows the 2 fe - 
proper way to connect a steam-driven vacuum pump 2» jDPY S 
equipped with a vacuum governor, which controls the speed . ys | ™ 
of the pump and maintains a fixed vacuum on the return 2 Ie tf 
line at all times. The exhaust from this pump can be Fy ~ Ld 
; connected to a feed water heater or may be returned into = |s J = = ES 
"| the heating main after the cylinder oil has been extracted » /8 Q 
by means of an oil separator. As eS 
The by-pass around the pressure reducing valve shown = RES 
in Figure 36, is useful to cut out the vacuum governor SN 
| w 


for repairs or to operate the pump at full speed and boiler 
pressure when desired. 








116 PRACTICAL HEATING SYSTEMS 


Figure 37% shows the installation of a motor-driven 
vacuum pump equipped with a receiving tank and auto- 
matic cutout. This cutout is operated by a float mechan- 
ism inside the tank and will start and stop the pump when 
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Figure 38.—Vacuum Lift. 


the condensation reaches the high or low level at which 
the cutout is set to operate. 

In addition to this control the cutout mechanism is 
equipped with a diaphragm connected to the return line. 
This diaphragm starts and stops the pump when the 
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. vacuum is too high or too low, independent of the water 


level control in the receiving tank. There will be times 
when not sufficient water is in the receiving tank to start 
the pump, but the vacuum on the return line may be too 
low for proper operation. In this case the diaphragm 





Figure 39.—Radiator Located below Vacuum Return Line, Vacuum 
Lift shown on Left-Hand Side. 


causes the pump to start, supplying the necessary vacuum. 

At other times the height of the water level in the tank 
may start the pump and the time required to remove the 
water will be insufficient to produce the proper amount 
of vacuum. In such cases, even if all the condensation is 
removed from the tank, the diaphragm will not permit the 
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pump to stop until the proper vacuum is produced in the 
return line. 

It is generally assumed that on vacuum systems the 
return line can be run under the floor and the pump can 
be placed on the floor, thus requiring it to lift the hot 
condensation. While all theoretical calculations and figures 
seem to prove that this is possible, practical installations 
have disproved this assumption. ‘Theory is one thing, 
practice another. Both must be considered together in 
order to secure efficient results. Many instances come 
to my mind where the return line was located below the 
floor and from 2 to 4 feet below the pump suction. These 
installations did not work satisfactorily and when the pump 
was lowered, all jobs operated more economically and with- 
out further trouble. Table XXX VII shows the theoretical 


TABLE XXXVII 


THEORETICAL AND PracTicAL Vacuum Pump Lirts AND 
TEMPERATURES OF CONDENSATION IN 
Vacuum Return LINES 





Temperature Theoretical Practical 
of Water, °F. Lift in Feet Lift in Feet 
212 0 7 ft. fall to pump 
210 1 6 “ “ “ “ 
200 3 5 “ “ “ “ 
190 8 Ses ee: 
180 12 3 “ “ “ “ 
170 16 2 “ «“ “ “ 
160 18 1 “ “ “ “ 
150 24 2 ft. lift 
140 26 4“ « 
130 28 | Goce! 
120 30 OnS 
110 30 144 « 
100 30 16% © 
90 30 AB a> {F 
80 30 22% & 
70 30 24“ «& 
60 30 26% * 
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lift and also the practical lift of vacuum pumps. The lat- 
ter should be considered on all installations because hot 
water, forming vapor in the return line, makes it impossible 
to lift the condensation after a certain temperature is 
reached, as given in Table XXXVII. When the tempera- 
ture of the condensation is low, as may be noted from the 
table, it can be lifted successfully. When condensation has 
a high temperature it is not advisable to try to lift it. At 
medium temperatures, when pumps must be located above 
return lines, a vacuum lift fitting may be used under cer- 
tain conditions (see Figure 39). 

It will also be noted that water above 150° temperature 
must flow to the vacuum pump and water at 212° should 
have a fall to the pump of 7 feet in order to obtain satis- 
factory operating conditions. Water below 150° can be 
lifted from 2 feet to 26 feet according to the temperature 
given in the table. The column marked, “Theoretical 
Lift” shows that even 210° water can be lifted 1 foot. 

When radiators are located below the vacuum return line 
as shown in Figure 39, a vacuum lift connection must be 
used to lift the condensation into the return line. A de- 
tail drawing of this vacuum lift connection is shown in 
Figure 38. The lift connection to the return line must 
always be connected to the top of the return, as shown in 
Figure 39, and the trap located above the return line as 
shown. A drain must be provided on the bottom of the lift 
pipe. This vacuum lift will not operate satisfactorily on 
lifts greater than 6 feet. When condensation must be 
lifted a greater distance than 6 feet, two or three lifts can 
be used. ‘The tee used should be two sizes larger than the 
lift pipe, as shown in Figure 38. Such radiators will not 
circulate by gravity when the vacuum pump is stopped 
because they depend on the vacuum to lift the water up- 
wards. The vacuum lift shown in Figure 38 can be used 
in any place where it is desirable to lift the condensation 
from one level to another, providing the distance is not 
more than 6 feet and a vacuum of not less than 6 to 8 
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inches is carried on the system. When greater distances 
are encountered, for instance, 10 feet, make two vacuum 
lifts, each 5 feet long, and install one above the other in 
the same manner as shown in Figure 38. Not more than 
three lifts should be used on any job. It must be remem- 
bered that while such lifts will operate, they are only a 
piece of mechanical equipment, and will never operate as 
satisfactorily as a straight return line and should be used 
only where it is absolutely necessary. 


CHAPTER VII 


HEATING SYSTEMS SUPPLIED WITH STEAM FROM 
HIGH PRESSURE BOILERS 


When heating systems of any kind are supplied with 
steam from high pressure boilers, a pressure reducing valve 
is installed to reduce the high pressure to low pressure for 
heating. Such valves are double-seated as a rule and con- 
trolled. by a diaphragm of some kind. If the low heating 
pressure is connected to the under side of the diaphragm, 
then a spring or lever and weight arrangement is placed 
on the upper side of the diaphragm in such a way that 
when the low pressure on the heating main has reached 
the point at which the valve is set to operate, the pressure 
on the diaphragm will lift the spring or weight on the 
lever and the valve will close. Should the pressure on 
the supply main drop, the spring or the weight will open 
the valve automatically. In order to do this the under 
side of the diaphragm must be connected to the heating 
main so that the existing pressure in the main can control 
the operation of the reducing valve. 

In many cases this connection is tied into the heating 
main close to the valve. This is wrong, because the high 
pressure from the valve has not expanded sufficiently to 
show the correct pressure on the gauge, and this pressure, 
being higher at that point, will cause the valve to close too 
soon. The heating main will not have the pressure shown 
on the gauge. The diaphragm connection must be tied into 
the low pressure heating main not less than 12 feet from 
the valve to get proper action and a steady pressure on 
the heating main. Many valves pulsate (open and close 
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rapidly) because the diaphragm connection is tied into the 
low pressure line only 3 or 4 feet from the valve. The steam 
pressure at this point, being greater than at any point 
further from the valve, closes the valve. When this takes 
place the pressure drops immediately in the low pressure 
main and the valve opens rapidly, only to close just as 
rapidly as it has opened when the steam pressure in the 
heating main has increased. This pulsating effect can 
be entirely overcome by extending the diaphragm connec- 
tion as indicated above, at least 12 feet from the valve. 

The installation drawing, Figure 40, shows a pressure 
reducing valve, properly connected with a by-pass and 
the diaphragm connection. 

The by-pass is necessary in order to replace a broken 
diaphragm while the steam is on the lines, and the reduc- 
ing valve cut out of service. A gate valve, or globe valve, 
must be placed on each side of the pressure reducing valve 
so that the reducing valve may be repaired during heating 
seasons or a diaphragm renewed. A valve must also be 
placed in the. diaphragm connection for the same reason. 
See Figure 40. 

On the diaphragm connection a pressure gauge should 
be installed so that the pressure reducing valve may be set 
at any pressure desired. During the spring and fall months 
a much lower pressure may be maintained in this manner 
by simply adjusting the weight on the lever of the reducing 
valve. Much coal will be saved and more comfortable 
rooms will be the result. 

The writer has seen reducing valves installed where the 
by-pass was the same size as the low-pressure main. This 
is a waste of money and resylts in the destruction of the 
valve due to wire drawing. The by-pass is connected to 
the high-pressure line direct and can be materially smaller 
than the low-pressure heating main. For instance, a 4 
inch low-pressure main can be fully supplied by a 1% inch 
by-pass connection ; a 6 inch low-pressure main by a 11%4 
inch, and an 8 inch low-pressure main by a 2 inch by-pass, 


STEAM FROM HIGH PRESSURE BOILERS 123 


while on a 12 inch low-pressure main a 3 inch by-pass 
connection is ample. It must be remembered that high 
pressure steam, let us say, at 100 pounds pressure flows 





SIDE ELEVATION 


Figure 40.—Proper Installation of Differential Pressure Reducing Valves. 


through the by-pass and perhaps only 2 to 5 pounds steam 
are required on the low-pressure main. When high-pressure 
steam is released into a low-pressure line it expands greatly. 
One pound of steam at 100 pounds pressure has a volume 








124 PRACTICAL HEATING SYSTEMS 


of 3.8 cubic feet per pound, while steam at 2 pounds pres- 
sure has a volume of 23.4 cubic feet per pound. If 100 


pounds steam is carried on the high pressure line and 2 


pounds on the heating main by releasing the high-pressure 
through the by-pass, the steam will expand and fill a space 
approximately eight times as great as it occupied while 


TABLE XXXVIII 


Sizz oF Low Pressure Marin on Huatina INSTALLATIONS, 
Sq. Fr. or RaprATION AND S1zE oF PRESSURE 
Repucina VALVES NECESSARY 











Size of Low Size Pressure 
Pressure Sq. Ft. Reducing Inlet Reduced 
Main Radiation Valve Pressure Pressure 
114" 100 ace 
e 200 - 
214" 53. * 
a7 890 s Wee at 
3% = 1360 yx 3" 
aur } 2400 2 x4" 
5” 3600 QMx 5” 100 | 2 to 6 Ibs. 
6” 5900 r 
7" 9040 2 =4 
8” 12700 4 x 8" 
9” 17600 5 x 8” 
10” 22900 6 x10” 
12” 37000 6 x12” J 
14” 55300 8 x14” 





under high pressure. This explains why small by-pass con- 
nections can be used with good results. Much labor and 
great expense can be eliminated. 

On many installations where pressure-reducing valves 
are installed, the valve is far too large for the service. 
Steam when reduced from high to low pressure increases 
from 8 to 20 times its volume. Any number of installa- 
tions checked by the writer showed pressure reducing valves 
considerably larger than necessary. In some cases where 
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8 inch low-pressure mains were installed, an 8 inch pressure 
reducing valve was used. On such jobs a 4.x 8 inch valve 
should have been installed. It costs a great deal less and 
gives far better service. Large valves open very little to 
supply the steam necessary, mostly not over 14 inch and 
this fact is plainly noticed by the singing noise they make. 
This noise is caused by the steam squeezing through the 
small opening of the valve, and is called “wire-drawing.” 
A smaller valve will open wider, thus eliminating wire- 
drawing almost entirely. Seats and discs of pressure re- 
ducing valves are destroyed rapidly by wire-drawing, 
necessitating frequent repairs, all of which can be avoided 
by installing smaller valves. Table XX XVIII shows the 
number of square feet of radiation supplied by different 
size valves for a given size of low pressure main. Pressures 
are given at inlet sides of valve. By differential size 
valves, we mean, for instance 2”*4” or 6”12” or 4”*8". 
The smaller figure indicates the inlet side and the larger 
figure indicates the size of the low-pressure heating main. 
Differential sizes of pressure-reducing valves run mostly 
in half sizes, for instance, for an 8 inch low-pressure 
main, the inlet is one-half of the outlet, or 4 inches; for a 
12 inch main the inlet is 6 inches, etc. The figures given 
in Table XXXVIII are as nearly correct as it is possible 
to figure, considering the different operating condition or 
the length of service mains, condensation, etc. We believe 
them to be conservative and they will help materially in 
the selection of the proper valve required. Valve sizes 
given are figured on full opening through seats of valve. 

Double-seated pressure-reducing valves should be con- 
structed in such a way that the combined area of both seat 
openings will equal the area of the inlet pipe. When high- 
pressure steam is reduced for heating service a blow-off 
valve must be put on the low-pressure main to guard against 
high pressure entering the heating main should the dia- 
phragm of the reducing valve be ruptured. 
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CHAPTER VIII 


HEATING OF HOMES AND APARTMENT BUILDINGS 
BY GAS AND OIL 


The question is often asked, what will it cost to heat 
a home with a gas or oil burner. Very few figures have 
been available on this subject. In order to answer the 
question as nearly correct as possible let me quote from 
several tests made under actual operating conditions. 


COST OF GAS FOR HOME HEATING 


In order to burn the minimum amount of gas, a boiler 
adapted to burn gas should be installed. A boiler installed 
to burn coal will consume more gas due to the fact that 
it does not contain sufficient flue passages small enough to 
absorb all the heat from the gas. When gas is used for 
house heating, the humidity in the rooms should be con- 
sidered, because a lower room temperature can be carried 
when sufficient moisture (40 to 60 per cent) is present in 
the air, and much gas saved. One-half gallon of water 
must be evaporated every hour for every 10,000 cubic feet 
of room area in order to obtain 40 to 50 per cent humidity. 
The following tests, made between October 7th and May 
18th (see Table XX XIX), cover a period of 225 days at 
an average outdoor temperature of 38.9° F. These tests 
will show the cost of gas per heating season on various types 
of buildings, also the number of square feet of radiation 
installed. The room temperature during this time was 
70° F. for 3584 hours (days) and 55° F. for 1792 hours 
(nights). 

On all jobs no janitor was employed and gas was turned 
low during the night to heat the rooms to 55° F. In houses 
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where the humidity was low, the gas consumption increased 
16 per cent over the amount used when 50 per cent humid- 
ity was maintained. Temperature control with gas is highly 
efficient and reduces the cost of heating materially.. The 
thermostat can be set to maintain a lower temperature 
at night and automatically turn on more gas at any time 
in the morning. 


TABLE XXXIX 


Cost or Heatina Burtpines By Gas For THE ENTIRE 
HEATING SEASON 








Type of Building Sq. Ft. of Radiation 
5 Room Brick Bungalow... 421 sq. ft. hot water ...$ 200.73 
6 Room Frame Bungalow.. Furnace Heat 
5 Room Stucco Bungalow.. Furnace Heat ...... 
5 Room Frame Bungalow... 400 sq. ft. hot water ... 273.9 
6 Room 2-story Brick...... 550 sq. ft. hot water ... 333.48 
5 Room 2-story Frame..... 250 sq. ft. hot water ... 228.26 
12 Room 2-story Brick..... 572 sq. ft. steam ....... 624.37 
8 Room 2-story Brick...... 324 sq. ft. steam ....... 325.61 
3 Apartment Building...... 1450 sq. ft. vapor ....... 660.55 
BiT-BOOM BAC... ccc cccsee 500 sq. ft. steam ....... 453.90 
2-story School House.......3834 sq. ft. steam ....... 1628.42 
Greenhouse .......cseccece 670 sq. ft. hot water ... 446.57 


The cost of gas for heating the above houses was as 
follows: 


First 400 cu. ft.......... 60¢ 
Next 9600 cu. ft......... 95e 
Next 40,000 cu. ft....... 90e 
Over 50,000 cu. ft....... 85e 





TESTS OF HEATING BY OIL 


In a recent test, oil was used under several boilers with 
the following results: 3 to 314 barrels of fuel oil were 
equal to one ton of coal. The oil tested 19,500 B. T. U. 
per pound and the cost was 10 cents per gallon delivered. 
The coal used prior to the oil test under the same boiler 
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and the same operating conditions averaged 12,330 B. T. U. 
per pound and cost $8.00 per ton delivered. To produce 
100,000 B. T. U. with coal cost 3.244 cents. To produce 
100,000 B. T. U. with oil cost 6.76 cents. If oil cost 
8 cents per gallon the cost of producing 100,000 B. T. U. 
will be 5.41 cents. In order to bring the cost of oil as low 
as coal it must be purchased at 4.5 per gallon (on the basis 
of above test). 

On another test, coal was burned for one week under a 
boiler and crude oil for one week, under the same average 


TABLE XL 
Cost or Propucine OnE Miuion B. T. U. 
With gas at $1.00 per 1000 cu. ft... ..... ec eee eee ee eo $2.50 
With oil at 9c per gallon ......c ccc ce eee eee cece eee eee 15 
With coal at $6.40 per ton ..cccccceccececcerersenscece 43 


The installation cost is important also, and careful 
research shows the cost approximately as follows: 


On an average installation of home heating apparatus— 


Coal boiler installation cost. .$175.00 to $230.00 
Oil boiler installation cost. ..$550.00 to $820.00 


(This includes storage tank) 





outdoor temperature and operating conditions. The crude 
oil cost 4.4 cents per gallon. The coal cost $8.00 per ton 
delivered. During the week of the test 1,127,700 gallons 
of water were evaporated, using 53.91 tons of coal; 1,105,- 
500 gallons of water were evaporated the next week under 
the same boiler using 11,372 gallons of oil. Cost of coal 
and removing of ashes on the above test amounted to 
$439.28. Cost of oil amounted to $500.36. Two hundred 
ten gallons of oil equalled 1 ton of coal during the test. 

A summary of a number of tests conducted is outlined 
in Table XL. 
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On both items the installation of the heating sys- 
tem thermostatic control or piping is not taken into 


consideration. 
It may be well here to bring a comparative statement of 


_the total of all fuel used in 1925, 


Peat, 25,000 tons; Natural Gas, 800 billion cubic feet; 
Wood, 80,000,000 cords; Coal, 650,000,000 tons; Petro- 
leum, 360,000,000 barrels; Water Power, 2,500,000 HP. 

An estimate of how much is used for heating buildings 
per year is given by the Brooklyn Daily Eagle as 
110,000,000 tons. 

From the information given in Table XL the cost of 
oil and gas heating may be computed should it differ from 
figures given. Oil weighs approximately 8 pounds per 
gallon; 42 gallons equal 1 barrel. The oil now used for 
heating homes is of the light grade, 24 to 40 Beaume. 
These oils have less heat value than the heavier oils run- 
ning below 24 Beaume. When oil burners are made to 
burn this heavy oil, which is much cheaper and contains 
more heat units, oil burning will be nearly on a basis 
with coal. 

OIL BURNER AIR SUPPLY 


A great many oil burners operating today have no 
secondary air supply to the furnace. This is the most 
important thing to consider. Air must be introduced above 
the flame to complete combustion and reduce stack temper- 
ature. On tests made by the writer stack temperatures 
were reduced from 540° F. to 218° by providing secondary 
air supply above the burner at a point where the oxygen 
that entered with the air supplied to the burner was used 
up. The consumption of oil after secondary air was sup- 
plied was reduced almost one-third of the amount formerly 


used. 


OIL BURNERS 


The installation of oil burners is progressing rapidly 
and in many cases such installations have not given the 
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results expected. In some instances such failures can be 
traced to the sales engineer who painted the oil burner 
in colors too bright and glaring. It is well known that 
burning oil, in most all instances, costs more than coal, 
except where labor can be saved. Oil burner installations 
on the other hand eliminate ashes and dirt and save labor. 


All oil burners on the market can be divided into three 
classes, first, the mechanical draft type burner, the atmos- 
pheric draft or gravity burner, and the industrial burner. 
The question is often asked: Which is the best burner to 
use? Another question frequently asked: Is the burner 
approved by the Board of Underwriters? The first ques- 
tion cannot be answered. Regarding the second question, 
the Board of Underwriters does not test an oil burner for 
its economy or perfect working qualities. All the Under- 
writers’ Laboratory is interested in is the question, will the 
burner under investigation set fire to the building in which 
it is installed, or is there any possibility of its causing 
an explosion or being instrumental in injuring the persons 
giving it the ordinary amount of attention required. This 
is all the Board of Underwriters is interested in,—the 
efficiency and design are not in question with them. Let 
us discuss briefly the various types of burners on the mar- 
ket at present. 

The Atmospheric Draft Burner—There are many prin- 
ciples involved in the different burners and each manufac- 
turer claims certain qualifications superior to any other. 
I am not going to dwell on such qualifications, but simply 
point out here the necessary points to observe in the pur- 
chase, installation and operation of an oil burner to secure 
the best. results. The oil burned in the firepot of a heating 
boiler, on this type of burner, is fed into it in small 
quantities and is vaporized by the hot castings over which 
it flows. In burning the flame draws the necessary air for 
combustion through air ducts leading to the ash pit. The 
air should be brought into the combustion chamber near the 
point of vaporization of the oil in order that combustion 
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may be completed without forming carbon. Burners of 
this type operate fairly well, some very well when sufficient 
draft is available, but fail to operate satisfactorily when 
the draft is poor. In order that the reader may check up 
on any faulty installation we refer them to Table IX in 
which the size and proper height of the chimney are given. 
These chimneys are for coal-fired boilers and may be 
the next size smaller and 6 feet shorter for oil burners, 
but not less than that. Chimneys of the right size that 
have one or more openings on the floors above the boiler 
must have these openings plugged in order to get results. 
Gravity and atmospheric draft burners fail very often 
during the fall and spring months when the flame is 
turned down low, and the draft is poor, due to weather 
conditions. Burners operated on a low flame generally 
carbonize heavily and go out frequently. The selection 
of the proper grade of oil is very important with this type 
of burner, and only oil that has been found satisfactory 
for the operating conditions encountered should be used. 
Burners of this type should always be equipped with an 
automatic shut-off arrangement to close the oil valve in case 
the burner goes out. The simplest device found by the 
writer and the most effective is a drip cup located below 
the burner, which fills with oil when the burner goes out 
and the weight of this oil filled cup closes the oil valve, 
thus avoiding trouble. This device will also act in case the 
burner is flooded. The careful adjustment of the burner, 
sufficient draft and a secondary air supply above the burner 
are the main features to consider on the gravity or natural 
draft burner. If not sufficient draft is available this type 
of burner should not be used. 

The Mechanical Draft Type Oil Burner.—Many different 
kinds of this type are on the market and the same may 
be said about this burner, as far as the selling talk is 
concerned, that was said about the gravity burner. The 
mechanical draft burner consists mainly of a motor-driven 
oil pump, fan and electrical controlling devices, all of which 
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must be adjusted properly to perform their intended duties 
satisfactorily. The owner or operator should receive and 
ask for explicit instructions as to the operation and adjust- 
ment of the apparatus so that in case of necessity he may 
be able to take care of the necessary adjustments. Let me 
caution the operator to leave all adjustments alone as long 
as the burner operates properly. There is nothing gained 
by constant tampering with adjustments unless their func- 
tion is thoroughly understood. Some of the mechanical 
draft type burners vaporize the oil by means of a rotary 
vane, driven by a motor, others by the action of steam and 
air pressure. The most successful ones are those which 
heat the oil and vaporize it as fine as possible. The smaller 
the particles of oil, the more heat and the more perfect 
will be the generation of the oil vapor. The question is 
asked, “must refractories such as fire-brick or cement be 
placed in a fire-box and must the fire-pot be lined with 
refractories?’ 'The answer is this; refractories in a fire- 
pot are heated to a red or white heat and the oil vapor is 
readily ignited and generally combustion is completed in 
a perfect manner. When such refractories are not used, 
the oil flame strikes the relatively cooler surface of the 
boiler and when this takes place, often carbon is formed 
and imperfect combustion is the result. Whether refrac- 
tories are used or not depends on the size of the fire-pots 
and the spread of the flame. No matter what may be sug- 
gested by the manufacturer who installs the oil burner, one 
thing should be borne in mind, namely, the fact that a 
secondary air supply is necessary on all oil burners installed 
with or without refractories in the fire-pot, to secure maxi- 
mum results and complete combustion. The admission of 
air with the oil is not sufficient for complete combustion, 
and the secondary air supply over the flame has been 
found by the writer to give splendid results. It reduces 
the flue temperature and on tests made, the oil supply 
valve could be closed almost one-third of a turn and better 
results were obtained. In one case holes were drilled into 
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the lower flue door, and these holes controlled with a slide, 
and the results were beyond our expectations. If no secon- 
dary air is supplied in sufficient quantities, soot will form 
and the flue temperature will increase, due to the fact that 
often the unburned carbon monoxide combines with oxygen 
taken up in its travel through the flue passages and 
through the check damper opening, is ignited. 

Oil burners are most efficient if installed under oil 
burning boilers which are designed with small flue pass- 
ages. If oil burners are installed under boilers formerly 
fired with coal they cannot be expected to operate as 
economically as they would under a boiler designed to 
burn oil. 


HOW TO OPERATE AN OIL BURNER 


Any number of tests have been made on different oil 
burners and the instructions on the operation of the oil 
burner may be summarized as follows: On all tests we 
have made provision for a secondary air supply was made 
by openings in the front and side walls of the boiler or 
by passages leading from the ash pit to the flame. 

When starting an oil burner the operator should first 
make sure that the stack damper and the secondary air 
damper are full open, also make certain that the valve 
regulating the flow of oil to the burner is turned off. 
Inspect all of the strainers in the oil line to see that they 
are clean. Then open all valves other than the oil feed 
valve that may be in the oil line between the burner and 
the tank. The burner, if a hinged burner, should be swung 
into position and the motor started. After the motor has 
been running for a few minutes, the dial on the pressure 
gauge should start to register a pressure. The pressure 
regulating valve should then be adjusted to obtain the 
desired pressure, usually from fifteen to thirty pounds 
is sufficient. 

The burner is then ready to be lighted. The method 
of lighting the burner depends upon the grade of oil used 
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and the condition of the furnace. If the oil used is a low 
gravity oil, say from 14 to 24 degrees Baume, and the 
brick work in the furnace is cold, it may be necessary to 
build a small wood fire in the combustion chamber to warm 
up the brick work and produce sufficient heat to ignite the 
oil spray. If the furnace is warm from previous running 
or if the oil used, is a high gravity oil, say from 24 to 36 
degrees Baume, it may be sufficient to throw some lighted 
paper or oil rags in the combustion chamber, directly in 
front of the nozzle of the burner. Before turning on the 
oil to the burner, be sure there is a good flame in front of 
the nozzle of the burner. Leave the door open and turn 
on the oil valve feed slowly. It is advisable to keep one’s 
head away from in front of the open door when lighting 
the burner. Keep the feed valve open as long as there is 
a good flame in the furnace and the furnace is fairly clear. 
If the flame dies down, and the combustion chamber 
becomes black and smoky, shut off the feed valve immedi- 
ately and start another fire in the furnace. Under some 
conditions the oil will burn on the floor and on the back 
wall of the furnace before igniting properly. The instant 
the burner ignites -properly, there is a puff, and the flame 
starts to burn from the nozzle of the burner. 

After the burner is properly lighted, open the oil feed 
valve until the flame fairly well fills the combustion cham- 
ber. Allow the burner to burn this way for ten or fifteen 
minutes. By this time the brick work in the combustion 
chamber has been fairly well heated and the flame can be 
adjusted. Set the feed valve to obtain what you think is 
the proper size flame to carry the load on the boiler. If the 
boiler is not carrying an exceedingly high overload, the 
proper flame will be clear and white. In the average 
installation the color and character of the flame is the 
criterion of the burner and air adjustment. If the flame 
is clear white it indicates perfect combustion but a large 
amount of excess air. If the flame is red and the com- 
bustion chamber smoky, it indicates incomplete combus- 
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tion due to an insufficient amount of air. This condition 
will also cause a smoky chimney. 


Assuming the flame is a clear white, and the stack. 


damper and the secondary air port are open to bring about 
the desired condition in the combustion chamber, first, 
close the stack damper until the flame is yellow and some- 
what billowy. Next, cut down on the primary air, that 
is, the air going through the nozzle of the burner. This 
will cause the flame to impinge against the brick work at 
the rear less forcefully, thus causing the flame to become 
more billowy and fill the combustion chamber to a greater 
extent. 

By having the secondary air open too wide, the gas in 
the combustion chambers becomes stratified. By that is 
meant in the near side of the furnace the flame will be a 
clear white and under some conditions no flame at all; 
while in the center the flame will be yellow. In this case, 
the secondary air port should be closed until the flame is 
of a uniform color and will spread out across the furnace. 
An orange-colored, billowy flame that fairly well fills the 
furnace is what is desired. 

It is difficult to make the proper observations on the 
average installation, because the doors must be opened to 
see the condition of the flame. Due to the fact that the 
condition of the flame changes when any excess air is 
allowed to enter the combustion chamber, it is recom- 
mended that the observation be made immediately upon 
opening the door. 

After having made all the adjustments necessary on the 
oil primary air and secondary air, a final and reliable 
check on the conditions in the furnace can be obtained by 
observing the chimney top. Contrary to general opinion, 
escaping gases should not be colorless, but somewhat hazy. 

If it should happen that the combustion chamber be- 
comes dark and smoky, or smoke begins to puff out of the 
doors, open wide the stack damper. If this condition in 
the furnace does not clear up immediately upon opening 
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the damper, turn off the oil feed valve and allow the 
furnace to rid itself of the gases. When the furnace is 
clear, the burner can be re-lighted. The smoky condition 
is due to an insufficient amount of air. 

The above instructions are for the regulation of the 
burner for medium and high loads. On low loads, there 
is another problem to deal with,—the regulation of the 
primary air so that it will not blow the flame away from 
the nozzle of the burner. In adjusting the burner for 
low loads, the oil feed valve and the primary air damper 
should be shut off alternately, a small amount at a time, 
until the proper sized flame is obtained and the primary 
air is closed sufficiently to give the flame an even billowy 
action. Then the stack damper and secondary air open- 
ing should be cut down to obtain as near a perfect com- 
bustion as possible. 

In closing off the burner, the oil feed should be shut 
off first, and the motor allowed to run for five or ten: 


- minutes to clear out any oil that might otherwise dribble 


from the nozzle of the burner. If the burner is of the 
hinged type, it should be swung out so that the nozzle 
will not be damaged by the intense heat of the brick work 
in the furnace. 

The most important part in burning oil is proper regula- 
tion. Vaporization of the oil and assurance that the com- 
bustion space of the furnace is so arranged that the burn- 
ing particles of oil will be completely consumed before they 
touch the relatively cold boiler walls are important. It 
must be remembered that the capacity of the burner for 
burning oil is almost entirely limited by the furnace 
volume. Lining of the furnace with fire brick or refractory 
cement produces better results by assisting the combustion 
of the oil fuel. 

Industrial Burners.—The types of oil burners described 
above use the lighter grades of oil while the industrial 
burner is generally operated on the heavier grades of fuel 
oil (erude oil). 
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There are three types of burners that may be used for 
industrial heating and power. The steam atomizing 
burner, the air-jet burner and the mechanical burner. 

The steam atomizing burner is generally used for sta- 
tionary and locomotive practice and gives excellent 
atomization. 

Opinions differ greatly as to the advisability of using 
steam or air for atomizing the oil, but reliable tests have 
shown that steam atomization is as perfect and economical 
as air atomization. 

The burner is much simpler because no air compressor 
or fan is required. Objection to this type of burner is that 
it consumes steam from the boiler and therefore additional 
feed water is required. On boilers subject to priming the 
flame is affected and sometimes even extinguished. The 
burner cannot be controlled as nicely as an air-jet burner. 

The Air-Jet Burner.—This type of burner is used mostly 
under marine boilers and for metalurgical work where 
intense heat is desired. The effect of an air-jet burner is 
an exceedingly short intense flame very destructive on 
ordinary furnace brick work. The compressed air is pre- 
heated before it enters the burner in order to increase atom- 
ization of the oil. This burner is costly and for ordinary 
power plant work requires an air compressor. 

Mechanical Type of Burner.—In this type of industrial 
burner the crude oil is atomized by the rotary action of a 
propellor which causes the oil to be thrown by centrifugal 
force through fine slots in the casing of the rotary vane. 
The air passing through the slots at the same time assists 
in breaking up the oil into fine particles. This burner is 
operated by a motor and has an oil pump attached as well 
as a fan in some cases. The control of this oil burner 
should be by hand because of the varying conditions en- 
countered. Complicated electrical controls should be 
avoided. 

The industrial burners have shown in many cases great 
efficiency due to the fact that the heavier oils burned by 
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this type of burner have a greater B. T. U. value than 
the lighter oils used for domestic heating. The instruc- 
tions given in the foregoing pages on the operations of an 
oil burner apply to this type of burner also and need 
not be repeated. 


SAFEGUARDING THE OIL BURNING BOILER 


'The use of oil for heating and the fact that very few 
trips into the furnace or boiler room are necessary has 
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Figure 41.—Automatic Water Feeder. 


brought with it a great danger, namely that we forget 
to look after the water in the boiler, and this is a serious 
matter. The intense flame of the oil burner causes great 
damage if the water level is allowed to go below the pre- 
determined point in a boiler. Cracked boiler sections and 
heavy repair bills will be the result and many serious 
accidents have occurred. All oil installations, in fact any 
kind of steam heating boiler, should be safeguarded by the 
installation of an automotic water feeder. These feeders 
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are very low in cost and within reach of all. They also, 
cost very little to install and are a real safeguard against 
low water and burned out or cracked boiler sections. Figure 







a 


Installation Drawing. 
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Figure 42.—Automatic Water Feeder. 


41 shows a sectional view of a water feeder that will supply 
water to a boiler only when the water line drops below 
the original level established. ‘The operation is simple 
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and the installation also. Figure 42 shows the water feeder 
installed on a heating boiler. When the water level drops 
in the boiler it also drops in the same proportion in the 
feeder body. The float in the body moves downward, open- 
ing the valve on the city pressure connected to A. The 
water passes through the valve and is discharged into the 
boiler through the pipe connected at B.—C and D are 
equalizing connections. C is connected to the steam space 
and D to the lower part of the boiler below the water line. 
All these connections are shown in Figure 42. A by- 
pass may be arranged as shown for quick filling of the 
boiler after cleaning. 

There are a great many different water feeders on the 
market but all operate on the principle described. Some 
are equipped with electric contacts which stop the oil burner 
should the water be shut off and the feeder unable to 
supply the deficiency. These water feeders may also be 
used on any low-pressure heating boiler in order to safe- 
guard the boiler and eliminate constant trips to the boiler. 
room. They are of great value where the wife or a servant 
is left in charge of the heating plant during the day, or 
where the engineer or janitor have other duties to perform. 


WHAT OIL TO USE AND WHAT TEST AND 
SPECIFICATIONS TO MAKE 


In the purchase of fuel oil, all buying should be done 
under competitive bids. In determining the award of a 
contract, consideration should be given to the quality of the 
oil offered by the bidders, as well as the price, and should 
it appear to the best interest of the purchaser to award 
a contract at a higher price than that named in the bid or 
bids received, the contract should be so awarded. 

Each bidder should be required to submit an accurate 
statement regarding the fuel oil he proposes to furnish. 
This statement should show: 


(a) The commercial name of the oil. 
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(b). The name or designation of the field from which 
the oil is obtained. 

(c) Whether the oil is a crude oil, a refinery residium, 
a distillate or a blend. 

(d) 'The name and location of the refinery, if the oil 
has been refined at all. 

The fuel oil should be delivered f. 0. b. cars, vessels, 
tanks, or tank wagons, according to the manner of ship- 
ment or delivery at such places, at such times, and in such 
quantities as may be required during the fiscal year. Mini- 
mum and maximum weekly or monthly deliveries should 
be specified. 

Should the contractor, for any reason, fail to comply 
with the written order to make delivery, the purchaser is 
to be at liberty to buy oil in the open market and charge 
against the contractor any excessive price, above the con- 
tract price, of the fuel oil so purchased. 

It should be understood that the fuel oil delivered during 
the term of the contract shall be of the quality specified. 
The frequent or continued failure of the contractor to 
deliver oil of the specified quality should be considered 
sufficient cause for the cancellation of the contract. 


ESSENTIAL PROPERTIES OF THE OIL 


Viscosity.—Fuel oil, as regards viscosity, may be divided 
into two general classes, namely: 

Class 1.—Asphaltic base crudes, residiums or other oils 
which require heating facilities to reduce the viscosity in 
order that the oil may be handled by the storage and 
burning equipment. 

Class 2.—Oils of a sufficiently low viscosity to make 
heating equipment unnecessary. 

It is imperative that oils of class 1 be heated to a tem- 
perature at which they have a viscosity of 12 deg. Engler 
or lower before they reach the burner, in order to obtain 
proper atomization. It is desirable that this viscosity be 
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obtained at a temperature below the flash point of oil, 
in order to minimize fire hazards and to insure uniform 
feed to the burner. 

For an oil of Class 2, 12 deg. Engler at 60 deg. F. is 
the approximate maximum viscosity permissible. 

Method of determination: Viscosity should be deter- 
mined with a standard Engler instrument according to the 
recognized method of manipulating this viscosimeter. 
Other standard viscosimeters may be used in special cases 
and their readings converted to Engler degrees by means 
of recognized tables or formulas. 

Flash Point.—In general it is desirable that the flash 
point of Class 1 oils should not be below 140 deg. F., and 
that of Class 2 oils not below 120 deg. F. It should be 
noted that for Class 1 oils, specifications for flash point 
are contingent upon viscosity requirements as well as upon 
general considerations for safety requirements and evapora- 
tion losses. 

Method of determination: Pensky-Martens closed cup 
tester manipulated according to standard procedure. 

Specific Gravity.—Specifications for specific gravity are 
superfluous. In case oil is purchased by weight and meas- 
ured by volume an accurate determination of its specific 
gravity is essential. 

Method of determination: By specific gravity balance, 
pycnometer, or hydrometer. If conversion of Baume read- 
ings to specific gravity is necessary, it is essential that the 
Baume hydrometer be accurate and that the proper modu- 
lus for this instrument be used. Specific gravities should 
be reported at 60 deg. Fahr. compared to water at 60 deg. 
Fahr. If they are determined at other temperatures, the 
temperature corrections given in Bureau of Standards Cir- 
cular 57 should be used. 

Impurities—The oil should not contain more than 2 
per cent by volume of moisture and sediment. Proper 
deductions should be made from all oil deliveries for the 
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‘ impurities contained therein so that the oil purchased shall 


be pure oil. 

Sulphur Content.—Appreciable sulphur content in a 
fuel oil is objectionable. However, a content of 4 per cent 
or less is not sufficiently objectionable to cause the rejection 
of a fuel oil for general purposes. In general, experiments 
in burning fuel oils of various sulphur content have shown 
that the corrosive effects on the boiler tubes or heating 
surfaces are negligible. However, with steel stacks and 
low stack-gas temperatures, considerable corrosion in the 
stack has been noted. In handling these oils, prior to 
burning, the corrosive action of the sulphur on steel storage 
tanks, piping, ete., is quite apparent and should be con- 
sidered. If the oil is to be used for special metallurgical 
or other purposes where sulphur fumes are decidedly objec- 
tionable, it is necessary to specify a limiting figure for the 
sulphur content of the oil. 

Method of determination: Complete combustion in a 
bomb, by means of oxygen or sodium peroxide, the sulphur 
being weighed as barium sulphate. 

Calorific Value.—A standard of 18,500 B. T. U. to the 
pound of pure fuel oil is a good figure to be taken as the 
basis, if the fuel oil is to be purchased on calorific deter- 
minations. A bonus may be paid for calorific value in excess 
of this figure and deductions made if the heating value of 
the fuel is below, 18,500 B. T. U. per pound. 

Method of determination: Any bomb calorimeter of rec- 
ognized accuracy. 

Methods of Simplicity—The accuracy of these different 
tests depends upon the care with which an average repre- 
sentative sample of the fuel oil delivery has been taken, and 
the importance of obtaining such a sample can not be 
overestimated. ‘Top, middle, and bottom samples should 
be taken with a standard “car thief” and these samples 
should be combined and thoroughly mixed to form one 
sample for car deliveries. Where oil is received in tanks 
or reservoirs the swing pipe should first be locked at a 
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position well above the level of the water and sediment 
usually found in the bottom of such tanks. Tanks should 
be sampled every foot for the first 5 feet above the bottom 
of the swing pipe, and at 5 foot intervals from there to 
the surface of the oil. This sampling should be done with 
a standard tank thief, the samples cut individually, and 
deductions for impurities made on the separate volumes 
which these samples represent. If the tank is a large one, 
it should be sampled through at least two hatches. In re- 
ceiving large deliveries of the more viscous oils it is 
necessary to take many samples in order to insure fair 
and average impurity (W and B 8) deductions. This is 
because water and sediment do not readily settle out of 
such oils. 

General Specifications Cannot Be Drawn to Advantage 
For Fuel Oils—Individual conditions and requirements at 
the point of consumption influence to a large degree the 
specifications for viscosity, flash point, and sulphur content. 
Definite specifications can be drawn for a fuel oil which 
will meet practically all requirements, but it can readily 
be seen that such specifications will exclude much of the 
fuel oil now available and that for most purposes the re- 
quirements need not be severe. Hence, it is advised that in 
purchasing fuel oil the individual requirements be studied, 
and that as lenient specifications as possible be written 
which will insure an oil that will be satisfactory for the | 
conditions for which it is intended. 
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CHAPTER IX 
PAINTING OF RADIATORS 


The painting on radiators materially affects the trans- 
mission of heat from the radiator. Gold bronze or silver 
bronze finish is usually applied. While a radiator so 
decorated may look attractive, it is a fact that it will 
transmit less heat than any other paint. Table XLI shows 
how much of the total heat radiators, painted with different 
paints, will distribute to the room. The bare cast iron 
radiator transmits all of the heat and is rated 100 per cent. 


TABLE XLI 
Heat TRANSMITTED By Various PAINTS 


Bare’ Radiator: ios ish eietaces os 6 803 Selene 100% 
Copper: Bronze oases escapees Soe aia: aveteye aes ee'0 16% 
Gold BronZe igo 08 ved os Cranks jee e eee kee 16% 
Aluminum Bronze........... cece e eee eeee 715% 
White L6a d 5. esse sista scat wae cindiaiede saielnas 98% 
Whe A Zine oo oo ssa slo Slee cies bi arncrese sce ayecaee 101% 
Snow-white Enamel.............0-eeeeeee 101% 
Green: Enamel sisi cciccesceses scewewareses 95% 
Terra Cotta............ ee eeee Se eeeanstel cats 103.8% 





Thus it will be noted that only 75 per cent of the total 
heat is delivered to a room when the radiator is painted 
with gold, silver or copper bronze, while white paint will 
allow the radiator to transmit slightly more heat than 100 
per cent and the terra cotta the most. This apparent incon- 
sistency is due to the heat transmitting qualities of the 
various paints which differ with the ingredients used in 
the manufacture of the paint. During the past we have 
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used the worst paints, as a rule, that could be used and 
have innocently reduced the radiating capacity 25 per cent. 
Another important matter which affects the heat transmis- 
sion from a radiator greatly is the presence of oil in the 
radiator. When the inside walls of a radiator are coated 
with an oil film, the heat transmission is greatly reduced. 
The oil film is the result of the cylinder oil used in engine 
cylinders, which if not removed by an oil separator before 
the exhaust is used for heating, is carried along and covers 
the insides of pipes and radiators. This is a serious matter 
and should be rectified as soon as discovered. 

When the condensation from such radiators is returned 
to the receiving tank and used again in the boiler, there is 
great danger of the boiler plates over the hot fire or the 
boiler tubes sagging. This is due to the fact that if the 
boiler plate or tubes are covered with a film of oil the water 
is held away from the iron and cannot cool the surface 
which becomes overheated and the boiler pressure forces the 
sheet outward. Lumps as big as a hat on boilers are caused 
by this film of oil. 


CHAPTER X 
COPPER RADIATORS 


The latest advance in heating is in the development of 
copper radiators to a high efficiency. It is now possible 
to heat a room in which formerly a heavy cast iron radiator 
was installed with a copper radiator of one-fourth the size 
of the cast iron radiator. The weight of a 100 foot cast 
iron radiator is approximately 700 pounds; the weight of a 
100 foot copper radiator is 108 pounds. 

The efficiency of a copper radiator is ten times as great 
as that of a cast iron radiator. Tests made with copper 
radiators show that to heat them to operating temperature 
(220° F.) requires only 1530 B. T. U., while a cast iron 
radiator, under the same operating conditions, requires 
15,470 B. T. U. Copper conducts heat nine times as fast 
as cast iron, therefore more heat is delivered to the room 
in less time. The total saving thus effected on an installa- 
tion containing 1000 square feet of radiation amounts to 
300,000 B. T. U. per day or 20 per cent saving over cast 
iron radiation. The comparative size of a copper radiator , 
as against a cast iron radiator is illustrated in Figure 43; 
both radiators are drawn to scale. 

In the copper radiator small copper tubes with 5/16 inch 
holes are used. It has been found that in large pipes the 
steam in the center of the pipe is of no value. It may be 
considered a detriment because it condenses. 

The heating value of a pipe is only as great as its outer 
circumference. It is logical, therefore, that if we use a 
small pipe and add to this small pipe sufficient radiating 
surface to equal the circumference of a large pipe, we will 
achieve the same results. Figure 44 illustrates this prin- 
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ciple. At A we have a 2 inch pipe, 1 inch long; the total 
heating surface is 6.28 square inches. If this pipe is filled 
with steam, the steam immediately in contact with the 
inner circumference of the pipe heats the pipe. Any steam 
that is in the center does not do any actual work except it 


C.L. RADIATOR 





COPPER RADIATOR 


Figure 43.—A Copper and Cast Iron Radiator. This Drawing is 
made to Scale, Both Radiators contain the same Number of Sq. 
Ft. No Copper Radiator is over 18” High. 


replaces the steam that is condensed by coming in contact 
with the colder walls of the pipe. The outside of the pipe 
is surrounded by air at 70°F. At B we have a %&% inch 
tube ; the heating surface of a tube 1 inch long is only 1.96 
square inches. If we fasten to this tube a sheet of copper 
which has a surface of 4.32 square inches, we have the 
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same radiating surface as the 2 inch pipe shown at A, 
namely 6.28 square inches. 


CIRCUMFERENCE 
; 6.28 /NCHES 

a PIPE OUTSIDE SURFACE 
LONG 6.28 SQUARE INCHES 







COPPER FIN TO 
RADIATE HEAT. 
SURFACE EQUALS 
6.28 SQUARE 
INCHES 


Figure 44.—Showing Copper Fins Attached to Tube. 


Both the 2 inch pipe and the small tube with the copper 
sheet attached have equal heating capacity. When copper 
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is used on the tube to increase the heat radiating surface, 
we have added another powerful factor, since copper con- 
ducts heat or radiates heat nine times as fast as cast iron. 
In other words, a copper radiator will heat the surrounding 
air nine times faster than cast iron. 

These two factors, smaller pipe and copper fins fastened 
to this pipe, are made use of in the copper radiator. 

The automobile radiator with its enormous condensing 
capacity has brought about this change. For several years 
automobile radiators were used for heating, but in order 
to get results a fan had to be used to force the air through 
the tubes. The new radiator needs no fan, the fins being 
placed at an angle of 60 degrees in order to discharge the 
air passing upwards through the radiator rapidly, as illus- 
trated in Figure 45, Each fin has three tubes through it, 
all of which are staggered so that the air can come in con- 
tact with all of them, which is another important factor. 
The flues or air passages of a cast iron radiator are running 
up and down, the air enters on the bottom and passes up- 
wards without coming in contact with any other heating 
surface than that of one section. In a copper radiator the 
air in its upward travel comes in contact with twenty-one 
or more heating tubes, in one section, which explains the 
rapid circulation through the radiator as well as the enor- 
mous quantity of hot air discharged from the radiator. A 
cabinet is used to enclose the radiator in order to protect 
it from injury. This cabinet is not necessary if the radi- 
ator is installed in a recess in the wall, providing the front 
is protected by a grating. 

The tubes are connected to both ends of the radiator and 
these ends are cored all the way so that sufficient steam 
is stored to supply the radiator tubes. The pipe connection 
to and from the radiator is located in the end pieces in 
the same manner as in cast iron radiators. Copper radia- 
tors can be used on any hot water, vapor, steam or vacuum 
job with equally good results. The amount of radiation to 
be installed is figured in the same manner as described in a 
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Figure 45.—Section of Copper Radiator. Showing Steam Tubes and 
Copper Fins. 
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preceding chapter for cast iron radiators. There is no 
change in the methods of piping or the size of the mains, 
risers and branches when copper radiation is used. 
Copper radiators deliver more heat because of more rapid’ 
circulation and greater heating surface. Table XLII 
makes this clear. In the first column the rating in square 


TABLE XLII 


Coprer RapIaToR CAPACITIES, WEIGHTS AND B. T. U. 
DELIVERED 


(All Radiators Are 18 Inches High, Regardless of Size) 








Rating Heating B.T.U. Radiator 

Sq. Ft. Surface Delivered Weight 
10 24.6 2510 21 Ibs. 
15 36.1 3615 25% “ 
20 49.05 4600 32 = 
25 60.1 5790 414 « 
30 70.6 7076 44 € 
40 88.6 9100 48 ws 
50 106.1 11220 5244 “ 
60 132.7 13450 64 - 
70 154.7 15900 71 & 





feet is given; in the second column the heating surface; 
in the third the number of B. T. U. delivered by a copper 
radiator ; in the fourth the weight of each radiator. 


The supply can be connected to the top or bottom as 
desired or the return connection may be made on any side. 
A place for an air vent is provided also. In fact, all details 
are exactly the same as any cast iron radiator. 


Copper radiators are made in any size up to 200 square 
feet, or more if desired for special service. The cost, 
including cabinet, is but little more than cast iron radia- 
tors. Cabinets are now finished in different colors to match 
the furnishing or the woodwork. 


CHAPTER XI 
INDIRECT HEATING BY COPPER RADIATORS 


Indirect heating in garages, factories, stores and various 
other places has been accomplished by means of a copper 
tube radiator, constructed similar to an automobile radia- 
tor. These radiators are small, light, compact and possess 
a large heating capacity when equipped with a fan to force 
the air through the radiator. The supply connection to 
such an indirect radiator is made on top and the return 
connection on bottom, as shown in Figure 46. The radiator 
shown is large enough to replace an 800 square feet indirect 
cast iron radiator and weighs only 150 pounds, while a like 
cast iron unit weighs 5600 pounds. 

A 1/6 H. P. motor is required to drive the fan. This 
unit may be attached on the ceiling or side wall if desired. 
It is capable of delivering 165,000 B. T. U. per hour with 
5 pounds of steam, as shown in a recent test made in a 
factory under actual working conditions. Two units were 
installed in this factory taking care of 6000 square feet 
of radiation, heating the factory to 65° F. The air circu- 
lation is rapid and results seem to be uniform. Such small, 
light units make it possible to heat factories and garages 
economically without the usual pipe installations. If the 
unit is located on the wall or ceiling the returns will flow 
back to the boiler readily. Figure 47 shows an indirect 
unit attached at the ceiling in a factory. In this place 
the unit is out of the way and facilitates full air move- 
ment to and from the radiator. It also is in a position 
where the condensation can be returned to the boiler readily 
without pumping or expensive equipment, 
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Figure 46.—Copper Radiator for Factory Heating. 
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For large indirect units copper tubes with a spiral fin 
wound on the outside are used. These units are coming 
into use rapidly and reduce the weight on the floor mate- 
rially, also the work of installing. All copper indirect 
radiation is based on the use of small brass or copper 
tubes to which fins in some form are attached. 
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Figure 47.—Installation of a Copper Radiator in a Factory. 








CHAPTER XII 


COMBINING THREE DIFFERENT HEATING 
SYSTEMS INTO ONE UNIT 


COMBINING A ONE-PIPE STEAM HEATING SYSTEM, AN AIR- 
LINE SYSTEM AND A VACUUM SYSTEM INTO ONE UNIT 


Recently the writer faced a problem of combining a one- 
pipe gravity heating job in a hospital building with the 
air-line job of the nurses’ home, one block away from the 
hospital building, and the vacuum job of a new hospital 
building located in the rear of the old hospital. The power 
house was located a half block further down the street and 
a vacuum pump was installed to handle the return from 
the building. In the nurses’ home and the old hospital 
cast iron boilers were used for heating. The power house 
was equipped with high-pressure boilers. 

It was decided to remove all the old cast iron boilers in 
both buildings and reduce the high-pressure steam for heat- 
ing purposes. The returns from all heating plants in this 
case had to be brought back under the street to the power 
house. This plan has been in operation three heating 
seasons and has worked out exceedingly well, even under 
severe weather conditions such as 20° below zero. 

The radiation installed amounted to 3200 square feet 
on the single-pipe gravity job. The return and all drips 
were connected to a 30-gallon tank. Below the tank a 2 
inch ball float trap with balanced valve was installed and 
connected to the tank, as shown in Figure 48. The dis- 
charge of this trap was connected to the vacuum return 
line from the vacuum heating system installed in the new 
building, running to the power house, so that the vacuum 
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Figure 48.—Return Line Connection of One-Pipe Gravity Heating System to a Vacuum Line. 
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would remove the condensation rapidly. A thermo-vent 
valve was connected to the tank and trap as shown, the 
outlet of which, connected to the vacuum line also. In 
this manner all the air from the heating system, the tank 
and the trap, was removed rapidly. No pipe changes were 
made on the job except the connection of the return line 
originally going to the boiler. This line was connected to 
the tank as shown. 

In the nurses’ home a block distant the cast iron boiler 
was removed and high pressure steam, reduced by means 
of a pressure reducing valve, was used for heating. The 
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Figure 49.—Air Line Heating System Connected to Vacuum Return. 


air line pump was discarded and the air line connected at 
A, shown in Figure 49. The vacuum return line B is the 
same line shown in Figure 48. A 2 inch ball float trap 
without the tank on top was used to take care of the 
return and drip lines from the air line system. A 3 inch 
header 10 feet long was provided on the inlet side of the trap 
to which all the return lines and drips were connected. The 
discharge from the trap was connected to the vacuum 
return line as indicated in Figure 50. The air vent shown 
at C is necessary because the thermo-vent valves on the 
radiators, being connected to the vacuum line, removed 
only air from the radiators. Connection C removed the 
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Figure 50.—Three Jobs in One. 
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air from all mains and risers. In this building 2680 square 
feet of radiation was installed. 

The pipes from the building to the power house were 
laid under the street level in an 18 inch tile sewer pipe, 
as shown in Figure 50. A section of this tile with the 
pipes in place on a 4x4 is shown in Figure 50 at D. This 
job has worked so satisfactorily that a number of installa- 
tions using the same arrangement have since been made 
with the same excellent results. On any number of heating 
jobs, now being individually supplied by cast iron boilers, 
this combination can be carried into effect and steam can 
be supplied by one central plant and one set of boilers. 

A great deal of coal was saved by this installation as 
shown by the test data. Before the change was made coal 
costing $243.64 was used every month during the heating 
season in both buildings. After the change was made and 
8348 square feet of radiation added in the new addition, 
also high-pressure laundry equipment, four sterilizers and 
a complete steam-operated kitchen equipment, all of which 
takes care of 206 people, it was found that the total coal 
consumption of the combined load (equipment and radia- 
tion) amounted to only $495.29 per month, approximately 
double the amount formerly used on 5880 square feet of 
radiation. When we consider the additional radiation 
installed, amounting to 8348 square feet, considerably more 
than both old heating plants together, we realize the 
enormous saving effected in heating alone, not to mention 
the other high-pressure equipment installed, which is oper- 
ated eight hours daily. No condensation is wasted any- 
where and the steam-driven vacuum pump operates satis- 
factorily on the three different heating systems described. 

Central heating plants have always proved successful 
and economical, but the problem of combining the different 
heating systems into one unit has prevented their universal 
adoption. 
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CHAPTER XIII 
STOKERS FOR HEATING BOILERS 


The oil burner has brought about an increased activity 
of the stoker manufacturers to supply the heating trade 
with stokers, small enough for house-heating boilers, as 
well as of sufficient size for apartment and institutional 
heating plants. During the last few years stokers have 
been put on the market that can be placed under a small 
house-heating boiler with a 28 inch fire-pot. This stoker 
is equipped with a hopper in front of the boiler to hold 
almost a day’s fuel supply. Figure 51 shows a stoker unit 
for a sectional cast iron boiler or fire-box boiler. Stokers 
have been in use for twenty years or more under power 
boilers and have proved highly efficient for this class of 
work. No attempt was made until recently to use stokers 
under heating boilers. A number of tests on 
power plant performance in which stokers were installed, 
also on plants hand-fired, showed the difference in the 
efficiency of both plants. Such installations from the 
engineering standpoint are working out well on all kinds 
of soft coal, even the cheapest grades. Heating plants, 
equipped with stokers operated on slag coal, are smokeless, 
which of course is a large factor towards efficient and eco- 
nomical heating. Very seldom is smoke seen to emerge 
from the chimney of stoker-operated heating plants. 

The stokers are automatic in operation, requiring no 
other attention than the filling of the hopper with coal. 
A thermostat is installed in the living room, which operates 
a relay in the basement, starting and stopping the stoker 
automatically on a temperature range of 2 degrees. one 
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STOKERS FOR HEATING BOILERS 167 

degree above and one degree below 70°. A 14 horsepower different speed changes make a close adjustment to all 

motor drives the blower and also the worm coal-feed screw ‘ conditions possible. One small unit examined extended 42 

} in the retort feeding coal into the fire-pot. The hopper, ' inches outside of the boiler, and the retort and fire-box 

on the small house heating plant, holds 125 pounds of fuel measured 24 inches in diameter. One thousand eight 

; and the feed mechanism on this small unit will feed as low square feet of radiation was handled with this unit. While 

i as 10 pounds of coal per hour and as high as 50 pounds per some test data are available they are not sufficiently accu- 

I hour, The entire mechanism is so simple that anyone rate to publish and could not be rechecked. For this reason 

can operate it. ; we are unable to give any data on the performance of 

) Stokers have been applied to furnaces, hot water, vapor, stokers on small heating boilers. ‘Tudging from the opera- 
steam and vacuum plants, <A stoker for a 1000 square feet tion of the units they seem to work very economically. 

heating plant weighs only 800 pounds. They may be Stoker installations under heating boilers are in close 

competition with oil burner installations and no doubt will 

» be installed in larger numbers in the next few years. As 


far as can be learned their economy compares favorably 
with the high efficiency obtained with the large stoker in- 
stallations used for a great many years in power plants. 
The most impressive feature is the fact that the cheapest 
kind of screenings.can be used with stoker firing and excel- 
lent results are assured. 
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Figure 51.—Stoker for Small Heating Plants. 
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placed under cast iron boilers, fire-box boilers or tubular 
type boilers, used for house heating. The retort is round, 
square or oblong, to suit the boiler and fire-pot. The 
operation is as follows: When the motor is started, air is 
ferced by the fan into the retort air blocks and coal is fed 
from underneath by means of a screw driven by a worm 
gear. The gases distilled from the coals are ignited by 
passing through the hot fuel bed, thus being consumed 
entirely. The simple automatic control installed is a unique 
feature, rendering the outfit economical in operation. The 
air supply can be regulated as well as the coal supply. Five 
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CHAPTER XIV 


RADIATOR GRILLS, PIPE COILS AND PIPE 
RETURNS UNDER DOOR OPENINGS 


By concealed radiation we mean cast iron radiators con- 
cealed in the wall behind grills or covered with a cabinet. 
It has been assumed for years and widely published that 
such installations were not as efficient, as open radiators 
and it has been the usual custom to add 10 to 20 or even 50 
per cent to concealed radiation, over the actual amount 
figured for the installation. This makes the installation 
quite costly, first, because of the additional radiator capac- 
ity to be installed, and secondly, the increased boiler and 
pipe sizes and radiator valves that must be used. 

Research conducted on concealed radiators has proved 
that this assumption is erroneous and the practice of in- 
creasing radiation should be discarded. Concealed radia- 
tion if properly installed, is even more efficient than radia- 
tors installed openly. Tests have proved that from five 
to ten per cent may be deducted from concealed radiators 
if properly installed and the proper deflectors and cabinets 
used, with the correct openings on top and bottom. 

In Figures 52, 53 and 54, installations are shown and 
the intakes as well as the outlets are marked. In Figure 
52, the inlet A should be not less than 80 per cent of the 
free area around the radiator and the outlet area at B 
should be the same as the area around the radiator. A 
radiator with the areas A and B of the cabinet proportioned 
as described will deliver 10 per cent more heat than the 
open radiator. 

The inlet opening A of the radiator enclosure shown in 
Figure 53 should also be 80 per cent of the area around 


[169] 








170 PRACTICAL HEATING SYSTEMS 


the radiator sections and the outlet opening B should be 
the same as the space about the radiator. Both grills, front 
and top, should offer as little resistance to the passage of 
air as possible, and for this reason the grill opening should 
be large. Such radiators will deliver 5 per cent more heat 
than an open radiator. 

The inlet opening A of the enclosure shown in Figure 
54 is subject to the same rule given for Figure 53. The 
outlet opening B in Figure 54 should not be less than 
150 per cent of the free area around the radiator top, and 
the shield should be so shaped that the air will leave the 
enclosure at a 60 degree angle, or nearly so. The sheet 





Figure 52.—Open- Figure 53.—Perf Figure 54.—Curved- 
Top Cabinet. rated-Top Cabinet. Top Cabinet. 
metal for this shield should be polished inside because 
polished surfaces reflect the heat more rapidly and at the 
same time give off more heat than black or painted sur- 
faces. Sheet aluminum is preferred because it takes a high 
polish and will not rust. It remains polished a long 
time, rendering efficient service for a greater period than 
iron, steel or tin deflectors. The dimension C in Figure 
54. should not be less than dimension B of Figure 52 

and 53. 

Concealed radiation, particularly such as shown in Fig- 
ure 54, will prevent to a greater extent the blackening of 
walls so common with open radiation. Where radiator 
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shields are installed on top of open radiators, the dimen- 
sions given for Figure 54 should be maintained. It is use- 
less to install a radiator shield over radiators unless such 
a shield is fastened to or adheres close to the wall behind 
the radiator. A tight joint can be made by attaching a 
strip of heavy felt to the shield and this felt must fit tight 
against the wall so that no heat will pass behind the shield. 
This is the most essential part to care for when shields 
are to be constructed. 
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Figure 55.—Proper Heating Coil Connection. 


WALL COILS MADE FROM PIPE 


Pipe coils made up to suit special ‘conditions should 
have each length of pipe pitched in the direction of steam 
or hot water travel if return bends are used in order to 
free the coil rapidly of the condensation. If the coil is 
level, pounding and inefficiency will be the result because 
the incoming steam has to push the condensation along 
to the return. When pipe headers are used on the inlet 
end as well as on the return, the coil 12 (Figure 56) should 
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pitch slightly towards the return header shown at 20, 
Figure 56. A great number of pipe coils installed will 
heat only partly, some only one third of the way. This is 
generally due to the fact that the supply is connected on 
one end of the supply header only. Figures 55 and 56 
show the proper method of connecting the supply to the 
steam coil header. Pipe 17 is the supply in Figure 55 and 
pipe 19 supplies the header of Figure 56. This will give 
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Figure 56.—Proper Heating Coil Connections. 






a 
all the coils an equal supply of steam, thus preventing 
short-circuiting of the coils and inefficient heating. When 
a pipe coil contains not more than six coils, one trap on 
the return 24 (Figure 56) is sufficient. Should more than 
six coils be required for an installation, the return must 
be divided and an equal number of coils connected to each 
return header. (See Figure 55). Two traps are necessary in 
such cases to handle the condensation. This method is illus- 
trated in Figure 55. Both traps may be connected to one 
return line, as shown at 78, Figure 55. 

A dirt pocket, such as shown in Figures 55 and 56, 
should be placed ahead of each trap on all coil work. This 


pocket can -be made by extending the return pipe down- 
ward six or eight inches and providing a cap for the bot- 
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tom. This cap may be removed for cleaning purposes, 
without removing the entire dirt pocket. 

Table XLIII indicates the number of B. T. U. delivered 
by a wall coil per lineal foot of coil (not lineal foot of 
pipe) when the coils are hung vertically with the pipes 
running horizontally. 

The condensation from wall coils is generally much 
greater than assumed and care should be taken not to 
install a trap too small for the size of coil. The amount of 
condensation to be handled should be figured and a trap 
installed, capable of taking care of this amount. On 
large coils, a small ball float trap has proved very efficient. 


TABLE XLIII 


Number or B. T. U. Detiverep By Watt Corts Per 
Lineau Foot or Corn (Nor Linzat Fr. or Pipr) 


1” Pipe 114" Pipe | 114” Pipe 





Single Row Pipes 175 BTU | 215 BTU} 245 BTU 
wo r . 355 “ 413 “ 462 “ 
Four if © 584 “ 724 « 816 “ 
Six . ¢  B.T.U. 752 * 930 “ 1050 “ 
Eight “ . 864 “ 1064 “ 1200 “ 
Ten id © 970 “ 1200 “ 1350 “ 
Twelve “ $ 1075 “ 1330 “ 1500 “ 


To find the number of square feet of radiation in a coil 
and the condensation, multiply the B. T. U. given in 
Table XLIII by the number of lineal feet of coil (not 
lineal feet of pipe) installed and divide by 240 (B. T. U. 
of 1 square foot of steam radiation), for instance: 

A twelve-row coil is installed 12 feet long, the pipes in 
the coil are 1 inch. Under “1 inch pipe” you will find at 
the bottom, opposite 12 rows, the figure 1075, multiply this 
by 12 (lineal feet of coil). The result is 12,900 B. T. U.; 
divide this by 240 which will give you 53.75 square feet of 
radiation. This method is much more accurate than the 
old way of figuring the external surface of one foot of pipe 
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in the coil and multiplying this by the number of feet in 
the coil. For instance, we take the same example as given 
above. We have 12 rows of 1 inch pipe in the coil; each 
row is 12 feet long. 12X12 equals 144 feet of 1 inch pipe. 
Each foot of 1 inch pipe equals .346 square feet of radia- 
tion. 144.346 equals 49.82 square fect of radiation. By 
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Figure 57.—Proper Method of Connecting Return Line under 
Doorway. 


the new method we get 53.75 square feet of radiation, a 
difference of 3.93 square feet of radiation more than the 
old method used. ‘There is considerable difference in the 
cost of the job when a large number of coils are to be 
installed. 
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PIPING RETURNS BELOW DOOR OPENINGS 


Whenever the returns from a heating system must cross 
door openings and must be dropped below the floor level, a 
lcop should be brought around the door casing as shown 
in Figure 5% to equalize the pressure. This is particularly 
the case on a vacuum system. Where such loops have been 
installed in the past, in many cases one fact has been over- 
looked, namely, that on all such installations, the return 
must be lower by not less than 6 inches at point C, than 
it is at point B, Figure 57. If the return is the same height 
on both sides of the door the condensation will not flow 
freely and considerable pounding will result. The return 
enters at B and the center distance A, Figure 57, should 
not be Jess than 6 inches and as much more as possible. 
The greater this distance the better will be the circulation. 





CHAPTER XV 
THE ELECTRIC HEATING BOILER 


A few years ago the use of electricity for heating and 
the electric heating boiler were out of the question, due to 
the cost of electric current. During the last year a large 
number of hydro-electric plants have been built which have 
brought the cost of the current in many cases below three 
cents per K. W. H. 

This low cost, which, if a large amount of electricity i 
used, is often reduced to 7/10 of a cent per K. W. H., makes 
heating by electricity possible. Many such heating plants 
have been installed and the writer had an opportunity to 
secure some test data and cost on heating by electricity. 

Figure 58 shows an electric heating boiler drawn to 
scale for comparison of size. If we compare the size of 
the electric boiler with our present heating boiler, and the 
size of the 40-gallon domestic hot water tank shown in 
Figure 58, we must admit that with 100 per cent efficiency 
a comparatively small boiler may be used. In the use of 
electricity there is no waste when the current is used for 
heating water, because the electrodes that heat the water 
are submerged in water and all the heat generated is trans- 
ferred to the water. The electric current is controlled by a 
thermostat and no attention is required from the time 
the current is turned on in the fall until it is shut off in 
the spring. The operation of the electric boiler is as follows: 

The current is connected on top of the boiler to two cast 
iron electrodes which are submerged in the water. These 
electrodes are approximately 5g” to 7%” apart and the 
electric current travels through the water to make the cir- 
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cuit. When this is established, the electrodes heat up and 
the surrounding water absorbs the heat from them, causing 
circulation through the radiators and back to the boiler 
in the same manner as any hot water heating plant. When 
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Figure 58.—Electric Heating Boiler Installation. 


the room is up to the required temperature, the thermostat 
causes the current to be shut off automatically. There is no 
danger of explosion or overheating even if the boiler should 
become drained, because the current would cut off itself. 
If the pressure in the boiler rises above the predetermined 
point, the apparatus is so arranged that the steam will force 
the water out of the chamber in which the electrodes are 
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Figure 59.—Installation of Electric Heater on Range Boiler, 
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located, thus leaving the electrodes disconnected because 
the water acts as a connecting link. No current can flow 
until the pressure is reduced and the water returns to the 
chamber. The leaving and returning of the water is 
gradual, thus reducing or increasing the flow of the cur- 
rent in proportion to the amount of water in the chamber. 


Figure 59 shows a 30-gallon hot water tank which car- 
ries on the side a chamber in which the electrodes are 
located. The operation of this unit is the same as pre- 
viously explained. As the water is heated the current is 
gradually reduced, due to the water being forced out of 
the chamber in which the electrodes are located. When 
the temperature drops, the water returns and the current 
is gradually increased. Both the boiler and domestic hot 
water heater are very simple in construction. 


As to the cost of heating water by electricity, the in- 
formation given in the following pages is self explanatory. 
If the current cost is greater than that shown, multiply 
figures given by the cost of current in your community. 


METHOD OF FIGURING COST OF OPERATION ON AUTOMATIC 
ELECTRIC BOILERS 


ELxample—I KW of electricity per KW hour—3420 
B. T. U.; 1 gal. water—8.34 lbs. To raise one gal. of water 
(8.34 Ibs.) from 60° to 180°, or 120°, will require 8.34 
120° or 1000.8 B. T. U. 

1000.8 B. 'T. U. =m or .2926 KW per hour. 

Therefore to heat 1 gal. of water from 60° to 180° with 
current at one cent per KW will cost $0.0029 per hour. 

Current at 2c per KW—$0.0058 per hour. 
Current at 3c per KW=$0.0087 per hour. 
Current at 4c per KW=—$0.0116 per hour. 

Therefore to heat a 30 gal. tank from 60° to 180° it is 
only necessary to multiply the cost of one gallon by 30, 
using the figures above given. 
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30 gals.X0.0029=0.0870 cents per hr. at current rate of 
one cent per KW. Assuming it is required to figure the 
cost of operating a 30 gallon tank without drawing off 
any water and maintaining it at full 180° temperature, 
use the following figures as a basis: 


Take 1.8 B. T. U. as the amount of radiation per 
square foot of surface per degree difference in temperature. 
Assume that the room temperature is 70° and the water in 
the tank 180°, there is a difference of 110°. Take the 
surface of an ordinary 30 gal. tank at 18 square feet. 
Multiply the tank surface by the radiation: 


18X1.8=32.4 B. T. U.’s lost by radiation per hour per 
degree difference in temperature. Now multiply the 
loss per hour per degree temperature by the total number 
of degrees difference : 

32.4X110°=3564 B. T. U. total loss per hour by radia- 
tion in a 30 gallon tank, not covered, if no water is drawn 
from the tank. 


This gives the cost of maintaining tank at full heat with 
no water being drawn. 


To find cost when water is being drawn, use the figures 
given for amount of current required to raise one gallon 
of water and multiply this by the number of gallons drawn. 


Example.—20 gallons drawn cost: 


20X.0029==.0580 dollars plus the radiated loss per hour 
of 1/7 cents (00156) or 0.05956 dollars with current at 
one cent, or about six cents. 


In order to figure any other fuel it is only necessary to 
ascertain the B. T. U.’s contained therein (gas based on 
cubic feet ; coal per pound; oil per pound). 


Electric boilers operate at 100 per cent efficiency and 
all other forms of fuel must be figured on the efficiency 
upon which they operate. 
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ELECTRICAL HEAT EQUIVALENTS 


3420 heat units, B.T.U. 
(3.53 Lbs. of water 


EF : {1000 Watt Hrs. 4 evaporated from and 
Kilowatt + = {184 Horse Power oR [at 212°. 
Hour [| 2,654,200 Foot Lbs. 22.75 Lbs. of water 
jeg from 62° to 
212° Fahr. 


Electric heating is progressing rapidly, due to the devel- 
opment of hydro-electric power during the last few years 
which has brought about reduced rates for electric current. 
In some communities the rate for electric current is so low 
that electric heating is extensively used. 


The cost of heating a room or house by the use of indi- 
vidual heaters may be determined as follows: 


1 B. T. U. will raise 55 cubic feet of air 1° F.—3420 
B. T. U. equal 1 KW hour of electric heat. 


The proper way to figure heater capacity for any given 
room is to compute the radiation losses in B. T. U. per 
hour and add to this the losses in B. T. U. per hour due to 
the air changes in the room. Dividing this sum by 3420 
will give the correct KW rating of electric heaters required. 


A short method, suitable for ordinary rooms in any 
good average frame or brick building without unusual 
window area, is given below. 


When “S” equals the total square feet of wall ceiling 
and floor area exposed to the cold, and “T” equals the 
temperature difference in degrees Fahr. between the room 
temperature and the temperature out doors and “C” equals 
the cubic feet of air in the room, we have the following 
formula: . 


C+10 8 . 
T xX (sto00e equals K. W. of heater capacity. 


'To this should be added 15 per cent for north and west 
exposure and 10 per cent in rooms exposed to the prevail- 
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ing winds of the community (see Table VI—U .S. Weather 
Report). 

On all electric heaters a thermostat may be installed or 
any heater may be controlled from the room thermostat. 
Automatie control is desirable where the current cost is 
comparatively high. 
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CHAPTER XVI 
SUMMER CARE OF HEATING PLANTS 


Care of Hot Water Plants.—A hot water heating plant, 
after it has been in operation for a season, should be 
drained completely, the boiler properly washed to remove 
the sediment, core sand, etc. gathered on the bottom. This 
can best be done, if the drain is on the same side as the 
water supply, by removing one of the plugs on the top or 
side of the boiler and inserting a hose through this opening. 
If the water supply is on the opposite side of the drain, 
by opening this supply valve, sediment can be washed out 
of the drain. An excellent way of washing the boiler is to 
install a tee in place of the elbow on the return lines, then, 
by removing the plugs, the washing process is greatly 
simplified. 

Many heating contractors have questioned the advisa- 
bility of letting the water out, because they claim that this 
water is pure and the hardness has been removed from it. 
The reasons why the water should be removed are 
threefold: 

First, most radiator sections are dipped in hydrochloric 
acid to remove the core sand before shipment from the 
factory. 

Second, if radiators are washed, some core sand will 
always remain in the corners, and this core sand will loosen 
and circulate back to the boiler, where it is deposited in 
the bottom section. 

Third, all the impurities and carbonates of lime con- 
tained in the water also gather on the bottom of the boiler 
and should be removed, together with the scale from the 
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new pipe. If the pipes have been dipped in oil at the 
factory to prevent rusting, this oil is distributed throughout 
the system and must be removed. 

Hydrochloric acid mixed with the remaining core sand 
in the radiator is taken up by the water and circulated 
through the system. The percentage is, of course, not 
great enough to injure the plant, but it should not remain 
in the heating system. By letting the water out after the 
first heating season, all danger of corrosion is removed. 

The oil adhering to the inside walls of the pipe, when 
the pipes have been submerged in oil at the mill before 
shipment, if left in the boiler and radiators, forms a thin 
film over the surfaces in the boiler and radiators. This 
is objectionable because an oil film prevents the penetra- 
tion of heat, and therefore should be removed before it 
solidifies. 

The removal of oil really should take place right after 
the plant is installed and tested, but in most cases this is 
entirely overlooked at the time and must be taken care of 
at the end of the heating season. After the water is drained 
from the heating system and the boiler thoroughly 
washed, the system should be filled with water, the air 
drained from all radiators and the plant left ready to 
operate. ‘This is essential because the owner or some other 
member of the household may decide to burn rubbish that 
has accumulated in the boiler during the summer months, 
and this may cause serious damage if the boiler is left with- 
out water. Filling the system also enables the owner to 
put a fire in the boiler during cool days in the early fall, 
which can not be done if the heating system is left empty. 
Serious damage has been done in many cases due to this 
neglect. After the first heating season, the water can be 
left in the boiler for two seasons if it does not contain too 
much mineral matter. It should never be left in the boiler 
more than two heating seasons. 

The smoke flues must be cleaned, also the smoke pipe 
leading to the chimney needs attention. Any holes that 
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have developed in the smoke pipe must be repaired or 
new sections must be installed to assure proper function 
of the boiler and to eliminate loss of draught and the 
possible fire hazard due to defective flue connections. The 
soot in the chimney must be removed through the clean-out 
door. By placing a mirror in the opening of the clean-out 
door, or in the smoke flue opening, one can see whether 
the chimney is plugged by bricks that might have fallen 
from the top into the chimney flue, or whether an excessive 
amount of soot has accumulated. Soot may be cleaned out 
of the chimney, flue connections or boiler flue passages 
while the boiler is in operation by sprinkling 1 to 5 pounds 
of salt (depending on the size of the boiler) on top of a 
hot fire under the boiler. This will generally do the 
work, and if not, the operation should be repeated a second 
time. 

Steam and Vapor Plants——The boiler of a steam or 


‘vapor heating plant, which requires in most cases the use 


of make-up water during the heating season, must be 
cleaned every spring, as soon as the heating season is 
over, in order to remove scale and sediment that has formed 
in the boiler before it settles definitely in the bottom 
sections. Once it has settled it is more difficult to remove. 
All plugs on the bottom sections (in case of a sectional 
boiler) should be removed so that these sections can be 
thoroughly washed and scraped should it become necessary 
on account of the scale adhering to the sections. Less 
trouble with burned out or cracked sections will be the 
result, particularly in parts of the country where the water 
contains alkali or mineral deposits. River water in most 
cases contains foreign matter that causes scale or incrusta- 
tion. This is generally deposited in the form of mud in 
places where a depression is formed. The boiler should 
be thoroughly washed in order to remove the sediment, 
which, if left in the boiler, will become hard and bake in 
place, thus rendering it almost impossible to remove with- 
out scraping. 
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. | The instruction given in the previous paragraphs about 

smoke pipes, cleaning and repairing of smoke pipes and 

| flues should be followed on all types of heating boilers. All 

radiator valves, as well as the damper regulators, steam 

gauge, water glass, thermometers, etc., should be inspected 

and put in first class operating condition. The chains 

from the damper must be carefully inspected to make sure 

that they operate freely and close the check damper fully. 

| Vapor gauges, particularly, should be tested carefully to 

| assure their accuracy, because the proper setting of the 

draught damper depends on them. The most important 

thing is never to forget to see that the safety valve is 

operating freely so that it will eliminate any excess pressure 

promptly. The safety valve is subject to corrosion as well 

as any part of the boiler, and many fractures in boilers 

i can be charged to defective safety valves. 

| Water gauge glasses may be cleaned after the boiler is 

fired up, in the following manner: When steam is on the 

boiler, close the bottom valve on the gauge glass then open 

pet cock on bottom, allowing water and steam to escape 

from the gauge glass; then close the top valve on the 

gauge glass and immediately after it is closed and the 

steam has escaped, place a cup filled with muriatic acid 

under the petcock, allowing this cock to be partly sub- 

merged (see Figure 60). The vacuum created in the 

gauge glass by the condensation of the steam will draw the 

muriatic acid into the glass. Let the acid remain for 2 or 3 

minutes in the glass or until it is thoroughly clean, holding 

the cup in place in the meantime. The acid may be blown 

out of the glass by opening the top valve. If the acid 

refuses to go up to the top of the glass, look for a leak 

around the stuffing-box nuts. Should lime deposit be present 

on the outside of the glass, apply the muriatic acid with a 

swab to the glass until clean. The damper regulator should 

have attention also to make sure that it is free and will Figure 60.—Method of Cleaning Gauge Glass without Removing. 
operate without binding. If the bellows or metal disc type 
is used, it is well to test it with a few pounds of air 
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pressure to make sure that the bellows or discs are not 
cracked. If a bellows or diaphragm is cracked, this can 
be determined by observing whether or not any sediment 
has collected on the casing. It is advisable also to go along 
the supply and return lines and note whether any leaks 
have left their marks on the piping, and if so, attention 
should be called to this and repairs made in order to avoid 
a possible closing down of the heating system during the 
heating season. If a small, round or sectional boiler is 
used, it should be cleaned in the same manner as described 
in the preceding paragraphs, ; 

Care of a Vacuum Heating Plant.—All the former in- 
structions as to boiler, chimney, accessories, etc., apply also 
to this type of system. In addition to this, the cap of all 
radiator traps should be removed after the first heating 
season and the traps thoroughly cleaned. This is of the 
utmost importance, because scale from the Pipes, core sand 
from the radiators, stones, sand, etc., that may have been 
in the pipes, and perhaps dropped in through open pipes 


. during construction, will lodge in the traps. All these 


foreign substances will cause trouble in the traps, prevent- 
ing the valve from seating properly, and in this condition 
the trap will blow steam. 

The foregoing applies particularly to the riser drip 
traps. If dirt pockets are installed, they should be cleaned. 
If the foregoing instructions are carried out after the 
heating system is installed, the traps will function properly 
thereafter and most of the trouble that is experienced dur- 
ing the heating season will be eliminated, 


CHAPTER XVII 
STEAM TRAPS 


Incorrect Trap Installationn—Many good steam traps 
are condemned, not because they are faulty, but because 
they are not suited to meet the conditions under which 
they operate. Traps are too frequently specified by the 
size rather than by the capacity, mostly because the opera- 
tion of the trap, under certain pressures is not generally 
understood, 

The catalogs of our trap and steam specialty manu- 
facturers generally show the capacity of the trap in pounds 
per hour and most of them show also the capacity in square 
feet of radiation. Many engineers and heating contractors, 
about to install a coil in a hot water heater, tank or steam 
table, select a trap after having figured the square feet of 
heating surface in the coil, from the manufacturers’ cata- 
log. He invariably finds that this trap will not take care 
of the coil in question because the condensation from this 
coil in the first five to twenty minutes is considerably more 
than the trap can take care of. 

Let us see why this is true and how the manufacturer 
arrives at the figures given in the catalog. Also let us see 
why the size of the discharge port in the valve varies 
with the different pressures. Furthermore, how much 
power is there available to open this port against the steam 
pressure encountered? Answers to the foregoing will show 
why the amount of water handled by a trap is dependent 
entirely upon the size of the opening through the discharge 
valve. We will also learn why a trap three to eight times 
as large must be selected to drain heating coils in tanks 
used in canneries, chemical plants and for various other 
industrial purposes. 
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Discharge Opening Through Valve Seat.—A question 
often asked by engineers, owners and heating contractors 
is: “Why have we only a small opening through the valve 
seat on the fairly large size trap? For instance, a 1%4 
inch trap has only a % inch hole through the valve seat.” 

The size of the discharge openings in the valve seat of 
nearly all makes of traps varies with the steam pressure. 
When the steam pressure increases, the valve port must be 
made smaller so that the float may be able to open the 
valve against the steam pressure. Figure 61 illustrates 
this point. We have chosen the plain seat and cone on 
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Figure 61.—Steam Trap Valves and Valve Seats. 






account of simplicity. The cone and seat shown at A are 
such as are used in traps with a ¥% inch seat opening. The 
valve is shown in an open position. B represents a cone 
and seat with a % inch opening. The valve is shown in a 
closed position. he area of the 1% inch opening is 0.0122 
square inches. The area of the %4 inch opening is 0.049 
square inches. D represents the valve seat; H the valve. 
Let us assume that the steam pressure is 100 pounds. 
When the valve is open as shown at A, Figure 61, water 
passes through the 14 inch opening as indicated by the 
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arrow. When all the water in the trap is discharged, valve 
E closes. In order to open this valve, we must exert a 
pressure equal to 100X0.0122 or 1.2 pounds because the 
100 pounds steam pressure acts in the direction of the 
arrow P, tending to hold the valve to its seat. 

Now let us consider B, Figure 61. This seat has a % 
inch opening, the area of which is 0.049 square inches. In 
order to open this valve against 100 pounds steam pressure, 
we must exert a pressure of 100X0.049 or 4.9 pounds. 
Thus you will realize that a low pressure trap can have a 
larger opening than a high pressure trap of the same size. 


4  orenive ¢ 0.049°" 


4 
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Figure 62.—Ball-Float Steam Trap Operating Mechanism. 


You will also realize why in so many instances, when a 
trap of a certain size is on hand, made for low pressure, 
and you decide to use it on high pressure, it fails to operate, 
because the hole through the valve seat is too large for 
the higher pressure, and the float is unable to open the 
valve. 

Let us illustrate this. Valve seat D (see B, Figure 61) 
has a %4 inch opening and, as stated before, it required 4.9 
pounds to open the valve at 100 pounds steam pressure. If 
we take a lower pressure, say 10 pounds, it will only require 
.49 pounds pressure or 144 pound to open the valve. In 
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order to show this clearly, let us consider Figure 62, which 
represents the mechanism of a ball float trap. F is the 
float, D the float arm, # the fulerum which is cast to the 
trap cover or body, as the case may be, H is the valve, K 
the valve seat. 

How to Determine Trap Size-—Assuming that we have 
100 pounds pressure at which the trap is to operate, the 
opening C being % inch, we require, as stated above, 4.9 
pounds to open the valve. Let us assume distance A to 
be 1 inch and distance B to be 10 inches. We would then 
have a lever combination of one to ten. The float must be 
of sufficient size to exert a pressure of 44 pound in the 
direction of the arrow on the float in order to overcome the 
100 pounds steam pressure acting at P in the direction of 
the arrow, tending to hold the valve closed. In other words, 
the float must be large enough to have a buoyancy or lifting 
power of more than 1% pound because some friction is 
present. If we increase the size of opening C to 5/16 of an 
inch, which is equal to an area of 0.076 square inches 
(allowing the steam pressure to remain the same, 100 
pounds), the float must be larger because it requires a 
buoyancy of .76 pounds to close the valve. If the same 
size float is used, we must have a longer lever. (See D, 
Figure 62). 

This will make clear the fact that steam traps must be 
ordered for the steam pressure for which they are intended 
to be used. On the other hand, a high-pressure trap can be 
safely used on lower pressures, but due to the smaller open- 
ings, it will not discharge the same amount of condensation 
as a trap designed for the lower pressure which has a corre- 
spondingly greater opening. 

What Size Trap to Use.—Too often a trap is selected 
simply by the size of the coil in the tank without consider- 
ing the work to be done. If the trap is the same size 
as the coils either the trap will.work too slowly and in- 
crease the time it takes to heat the contents of the tank, 
or it will prove unable to handle the condensation. After 
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such a job is started, the trap is promptly condemned 
because of its failure to take care of the condensation. 
This is not because the trap is faulty, but because the idea 
of choosing a trap by its size is entirely wrong. 

On blast coil work a trap large enough to handle the 
increased condensation must be selected. A trap for heat- 
ing coils in tanks, steam tables, hot water tanks, etc., must 
also be selected for its capacity and not simply ordered the 
same size as the coils it is to take care of. A safe way of 
figuring the condensation of a coil is to multiply the square 
feet of coil surface by 5, because 1 square foot of coil 
surface will condense approximately 5 pounds of water. 

On a steam heating job, the capacity of the trap can be 
determined by multiplying the amount of radiation in 
square feet by .3. For instance, if you have 2,000 square 
feet of radiation, 2,000X.3 equals 600 pounds of water 
per hour that the trap must handle. When a steam heating 
plant is started in the morning, the trap will be called upon 
to handle for the first 10 minutes, perhaps 20 to 30 pounds 
of water per minute, and therefore the capacity of the trap 
should be greater than 600 pounds of water per hour, 
because a 600 pound trap will discharge only 10 pounds per 
minute. ° 

Another point well worth remembering is that all traps 
are rated to deliver a certain number of pounds per hour, 
which means free discharge, or discharging into the atmos- 
phere against no back pressure. If you desire to lift the 
water, a back pressure is created and the capacity of the 
trap is naturally'reduced. The amount of this reduction 
depends on the height the water is to be lifted. A trap will 
lift the water approximately 2 feet for every pound of 
pressure carried on the trap. It is not advisable to try to 
lift water too high with a steam trap, because with 
every foot of lift, the capacity of the trap is decreased 
proportionately. 

It is clear then that the selection of a trap should not 
be made as to its size, but as to its capacity. On coil work 
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the rating of a steam trap, if given in pounds per hour, 
should be reduced in pounds per minute and the size trap 
selected that will pass the amount of condensation it will 
be called upon to handle when the coils are cold. If the 
trap is not capable of doing this, hammering in the pipe 
coils, radiators or steam lines will be the result or a slowing 
up of the heating process. 


Types of Traps.—Traps can be divided into two main 
groups, namely, the ball float trap and the bucket or open 
float trap. 


The ball float traps are manufactured by nearly all steam 
trap manufacturers and all operate on the same principle. 
Some have the valve mechanism on top, others on the 
bottom of the trap. The construction and outside appear- 
ance differ greatly. Various claims are made by both sides 
regarding the advisability of placing the valve on top of 
the trap or of submerging it below the water line. 


The ball float steam trap with the valve mechanism on 
top lends itself to ready repair without dismantling or 
removing any piping. The valve mechanism, which as a 
rule is the only part requiring any attention or repair, is 
located under the cap at the top, and by removing this cap, 
any part requiring attention can be reached. 


Many different types of traps are on the market today 
which have the valve mechanism on top. In this type of 
construction the valves are generally water-sealed. That 
is, the water level is always such that no steam can be 
discharged through the valve except that it be caused by a 
leak or by sediment which prevents the valve from seating. 
The replacement of the worn parts in such a trap can 
be taken care of readily. When condensation enters the 
trap, the float is lifted, thus opening the valve port. The 
condensation is then discharged by means of the steam 
pressure in the trap. Should condensation in great quan- 
tities enter the trap, as will be the case in the morning 
when starting the plant, the water level in the body of the 
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trap will be raised and the valve will remain wide open 
until all the condensation is discharged. 


Ball Float Traps With Submerged Valves.—Ball float 
traps with submerged valves operate on the same principle 
as described above. The only difference is the valve 
mechanism is located below the water line. If the valves 
are located too low, sediment and scale will prevent them 
from functioning properly unless a strainer is installed 
on the inlet. 


In order to reduce the length of the float arm and con- 
sequently the overall length of the trap, it is common 
for manufacturers to resort to compound levers in order 
to increase the lifting powers of the float when used on 
high-pressure work. 


With the compound lever arrangement, the float is 
enabled to open a larger port. In a great many instances 
the entire mechanism is attached to the cover, so that by 
removing it, the valve mechanism, float, etc., can be re- 
paired and adjusted. In some cases the pipe connections 
are attached to the body, while in others the discharge pipe 
must be disconnected to remove the cover. Manufacturers 
should work towards eliminating the disturbance of pipe 
connections that must be broken in order to repair the trap. 
The writer knows from actual experience the troubles 
encountered when connections have to be broken and 
believes this a step in the right direction. 


Another important point from the engineer’s point of 
view is the fact that traps become air bound too frequently, 
and in order to overcome this, the pet-cock on top of the 
trap is left open. We know this is wrong and objectionable 
in many places. The writer has in mind a large school job, 
where 42 traps were installed in a fireproof building. The 
whistling sound from the open pet-cocks from these traps 
could: be heard distinctly on both floors, traveling up 
the pipe shafts and air ducts, which, of course, was 
objectionable. 
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If all traps are equipped with some kind of automatic 
air vent, to take care of the accumulation of air when 
starting, it would be a great help and much trouble would 
undoubtedly be eliminated. The heating contractor is not 
interested in purchasing automatic air vents for each trap 
and cannot be expected to do this if they are not specified. 
Many a trap that is not equipped with an air vent is 
condemned by the operating engineer, for the reason that 





Figure 63.—Section of Bucket or Open-Float Steam Trap. 


it becomes air bound, fails to work and requires too much 


‘of his time. On heating jobs, where this trouble has 


occurred, the writer has installed automatic air vents on 
top of the trap, as shown in Figure 49, which eliminated 
all trouble. The discharge of the automatic air vent valve 
is connected to the trap discharge pipe so that all air is 
vented, either to the vacuum return or to the receiving 
tank. 
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The Bucket or Open Float Trap.—Great numbers of the 
bucket or open float type of trap are on the market. In 
this type of trap it is necessary to place the valve on top 
of the cover. The inlet pipe is connected in most all cases 
to the body, and the discharge pipe either to the cover 
direct or to the valve body fastened to the cover. In some 
instances the discharge is connected in such a way that 
the valve mechanism can be examined, repaired or replaced 
without removing any pipe connections. 

The operation of the open float type trap differs mate- 
rially from that of the ball float trap. The open bucket or 
float, under ordinary working conditions, holds the valve 
closed when sufficient condensation is present in the body, 
as shown in Figure 63. The condensation entering the 
body at R, Figure 63, gradually fills the body up to the 
water line marked A. As more condensation enters, the 
water reaches the line B and overflows into the open bucket 
or float marked C, gradually filling this bucket. When the 
bucket is nearly filled with water, it sinks, and 
being attached on one end by means of hinge FH, to 
the support WV, which is cast on cover L, it assumes the 
position as shown by the dotted line 7. A piece of pipe S, 
is screwed into the cover, and valve seat H is fastened on 
top. As the bucket sinks, it opens valve FY, by means of 
rod O hinged to fork D, which, in turn, is fastened perma- 
nently to the open bucket C. ‘The water in the open bucket 
is then forced upwards by the steam pressure in the trap 
body through pipe S and out of opening K in the 
valve seat. From this point it is carried into the discharge 
pipe P. When the water level has reached the line V in 
the bucket, the bucket has then become light enough to 
float again and assumes its original position, thus closing 
the valve 7. The water level in the body is now again at A. 
When more water enters, the operation as described above 
is repeated. Should more condensation enter than the 
trap can take care of, the bucket remains in the position 
shown by dotted line 7' and the valve F remains open until 


200 PRACTICAL HEATING SYSTEMS 


all the condensation is discharged. When this has taken 
place, the bucket resumes its original position. 

This type of trap has an intermittent discharge. On 
low-pressure work some manufacturers employ a double- 
seated, semi-balanced valve in order to increase the dis- 
charge opening. This type of valve suffers from air bind- 
ing in the same manner in which it affects the ball float 
trap, and the information given previously about air vents 
should be followed and equally good results will be 
obtained, 





CHAPTER XVIII 
GREENHOUSE HEATING 


It is generally assumed that the old method of heating 
greenhouses by means of a hot water heating system is the 
most logical. Many engineers and owners feel that steam 
is too hot_for greenhouses. On the other hand a steam 
heating system installed in a greenhouse covering several 
acres enabled the owner to raise three crops a year. It 
does not make a great deal of difference whether hot water 
vapor or steam is used for heating as long as the heating 
system is properly designed and efficient. Where failures 
of overheating resulted in houses heated by steam it was 
traced back to the fact that some times too much steam 
pressure is carried on the system (in some cases pressures 
running up to 15 pounds). In all greenhouses heated with 
steam a pressure-reducing valve should be installed (even 
on low-pressure boilers) on the main line to maintain an 
even pressure on the entire heating system at all times. 
This will give efficient results and fairly uniform tempera- 
tures, and any excess pressure on the boiler will be kept 
in reserve. Such a pressure-reducing valve will act as a 
temperature regulator because if less temperature is re- 
quired, and consequently less steam, the weight on the 
lever of the pressure-reducing valve can be adjusted to 
supply only the necessary heat during spring and fall 
months. In this manner overheating can be avoided, and 
fair temperature control accomplished—two very desirable 
features in greenhouse heating. If a steam system is 
chosen for a greenhouse, a vacuum return line system 
should be used to assure quick return of the condensation. 
The vacuum pump may be motor-driven, and automatically 
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controlled if desired, to assure good results and reduce 
attention to a minimum. A vapor heating job will also 
give good results if the boiler can be located low enough 
to produce ample head room for the return line trap. This 
should be at least 3 feet (see Figure 23). The system 
should be so arranged that 10 to 15 pounds of steam may 
be carried in extremely cold weather and that at this pres- 
sure the condensation will be readily discharged by the 
return trap into the boiler. The connections of the return 
trap are shown in Figure 24 and can be used without 
change. Both Figures 23 and 24 show all return trap 
connections clearly and these connections may be used on 
any job. 

How to Figure Radiation for Greenhouses.—As a result 
of extensive tests, incorporated in Table XLIV, we have 
arrived at the coefficient to use in order to ascertain the 
number of feet of 314 inch pipe coils required. Should you 
desire to use 2 inch pipe coils, multiply the result obtained 
for 34 inch pipe coils by 1.68—the result will be the 
length of 2 inch pipe coils necessary. 

To find the amount of 314 inch pipe required to heat a 
greenhouse when the outdoor temperature is zero, follow 
the instructions given in the table. 


TABLE XLIV 


CorrFicient To Use 1n Ficurinc tue LENGTH oF 314 
Incu Piper Corrs Requrrep ror GREENHOUSE HEATING 


For 70° to 75° divide sy. ft. of glass and equivalent by 1.8 
For 65° to 70° divide sq. ft. of glass and equivalent by 2.28 
For 60° to 65° divide sq. ft. of glass and equivalent by 2.62 
For 55° to 60° divide sq. ft. of glass and equivalent by 3. 
For 50° to 55° divide sq. ft. of glass and equivalent by 3.46 
For 45° to 50° divide sq. ft. of glass and equivalent by 4. 
For 40° to 45° divide sq. ft. of glass and equivalent by 4.67 
For 35° to 40° divide sq. ft. of glass and equivalent by 5.5 


For temperatures above Zero, multiply results secured 
by the figures in Table XLV. 
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CoEFFICIENT To Use For TEMPERATURES ABOVE ZERO 





5° Above: Zeto. sos. ca chamekotinaceteeny 915 
10° Above ZePO.. 2.05 s0c4s4b mk veries 84 
15° Above Zero...........cccseccceees 15 
20° Above ZerO.......... ccc cece ceveee .66 
25° Above Zer0.......... ccc ccce eevee 585 
30° Above Zer0.......... cece cece eees 5 





For temperatures above zero, multiply results secured 
by the figures in Table XLVI. 


TABLE XLVI 


CorFFIcIENT To Uss For Temperatures Betow ZEro 





5° Below Zero0.......... cece ceeccecas 1.06 
10° Below Zero.......... cece cee eccence 1.15 
15° Below Zer0...... 2... ccc eee ee eee 1.24 
20° Below Zero...........csccccceccces 1.33 
25° Below Zer0..........cceeccescececs 1.42 
30° Below Zero.......... cece eee ec eiee 1.50 
35° Below Zer0........escecceccccccece 1.58 
40° Below Zero..........ccceccecceeces 1.63 





For 2 inch work find the amount of 314 inch pipe 
required, as before, and multiply the result by 1.68, then 
use the figures in Tables XLV and XLVI for the different 
temperatures encountered. 


Should it be desired to substitute any other size pipe 
for the coils or should you desire to figure the total heating 
load on the boiler, which does not only include the coils but 
the mains, flow lines and returns as well, the following 
Table XLVII gives a comparison of sizes of pipe and will 
assist in figuring the surface of the mains, returns and 
flow lines. 
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TABLE XLVII 


‘| CoMPARISON OF PrpE SizEs USED IN GREENHOUSE 
} HEATING 


It must be remembered that one lineal foot of 314 inch 
pipe is equal to 1.05 square feet of radiation. 

Comparison of Pipe Surfaces—As a practical problem 
let us figure the total radiation required in a greenhouse 
containing 4500 square feet of glass and glass equivalent 
(wall surface). It is desired to maintain a temperature in 
the greenhouse of from 55° to 60°F. The outdoor tem- 
perature is taken as zero. From Table XLIV, giving tem- 
peratures, we obtain in the fourth line the divisor 8. 4500 
divided by 3 equals 1500 feet of 314 inch pipe for coils. 
The mains have been figured to equal 150 feet of 314 inch 
pipe making a total of 1650 feet of 314 inch pipe. This 
is the amount of pipe that will be installed. All wall 
surfaces must be figured and converted to glass, viz.: 5 
square feet of wall 8 inches thick equals 1 foot of glass; 
2 square feet of wall 4 inches thick equals 1 foot of glass. 





| For 314-Inch Pipe 
3.04 ft.1 in. pipe = 1 ft. 314 in. pipe 
| 2.41 ft. 114 in. pipe = 1 ft. 314 in. pipe 
| 2.10 ft. 114 in. pipe = 1 ft. 314 in. pipe 
1.68 ft.2 in. pipe = 1 ft. 34 in. pipe 
1.39 ft. 214 in. pipe = 1 ft. 314 in. pipe 
1.14 ft.3 in. pipe = 1 ft. 34 in. pipe 
1.00 ft. 31% in. pipe = 1 ft. 314 in. pipe 
0.888 ft.4 in. pipe = 1 ft. 3% in. pipe 
0.799 ft. 41% in. pipe = 1 ft. 3% in. pipe 
0.718 ft.5 in. pipe = 1 ft. 3% in. pipe 
0.603 ft.6 in. pipe = 1 ft. 314 in. pipe 
0.524 ft.7 in. pipe = 1 ft. 314 in. pipe 
0.463 ft.8 in. pipe = 1 ft. 314 in. pipe 





- 


) For 2-Inch Pipe 
1.806 ft. 1 in. pipe = 1 ft. 
1.431 ft. 114 in. pipe = 1 ft. 
1.25 ft. 144 in. pipe = 1 ft. 
1.00 ft.2 in. pipe = 1 ft. 
0.826 ft. 214 in. pipe = 1 ft. 


in. pipe 
in. pipe 
in. pipe 
in. pipe 
in. pipe 


TABLE XLVIII 
TuE B. T. U. Emission For Prez in Stitz Arr at 60° F. 
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0.678 ft.3 in. pipe = 1 ft. in. pipe 
0.593 ft. 314 in. pipe = 1 ft. in. pipe ee ray a 
0.527 ft.4 in. pipe = 1 ft. in. pipe 1” = rp 
= 4 —— he 
0 ior ‘s ear nS ioe = : if i. pie 144” — 2.20 B. T. U. per square foot per degree 
0.359 ft. 6 1 ft. in. pi 2 "—1.93 difference between surface of pipe and 
: . in. pipe = 1 ft. in. pipe 2y° — 180 ate 
0.311 ft.7 in. pipe = 1 ft. in. pipe a | aira . 
0.275 ft.8 in. pipe = 1 ft. in. pipe ae = ree | 
4 "— 1,84 | 


For 14-Inch Pipe 
1.26 ft.1 in. pipe = 1 ft. 14 in. pipe 
1.00 ft. 1% in. pipe = 1 ft. 14 in. pipe 
0.873 ft. 114 in. pipe = 1 ft. 14 in. pipe 
0.700 ft.2 in. pipe = 1 ft. 144 in. pipe 
0.578 ft. 214 in. pipe = 1 ft. 144 in. pipe 
0.474 ft.3 in. pipe = 1 ft. 1 in. pipe 
0.415 ft. 314 in. pipe = 1 ft. 114 in. pipe 
0.369 ft.4 in. pipe = 1 ft. 114 in. pipe 
0.332 ft. 414 in. pipe = 1 ft. 144 in. pipe 





When it is intended to use soft coal for heating, a 
boiler at least 40 per cent larger should be selected. The 
temperature of the water in the boiler is taken at 180° F. 
in all our calculations on hot water radiation and 2 pounds 
of steam is figured to be maintained in a steam boiler. 
When steam radiation is installed it is highly desirable to 





: ft. 3 =1ft.1 5 : ; 2 : 
fg eee pe ie bine equip the boiler used for greenhouse heating with auto- 
0.218 ft. 7 in. pipe = 1 ft. 1% in. pipe matic damper regulation. ‘The size of the stack used in 
0.193 ft.8 in. pipe = 1 ft. 174 in. pipe greenhouse boilers is of the utmost importance and should 
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be selected with great care from Table IX. In this table 
the number of square feet of radiation is given and the 
size and height of the stack that is required to secure satis- 
factory results. 

The square feet of surface per lineal foot of pipe is 
given in Table XLIX to assist in figuring radiation. 





TABLE XLIX 
Square Feet or SurFAcE Per LINEAL Foot or PIpre 
MAA Ks hs Sala ves eo eae . .275 sq. ft. 
Ded Tareas Ss dawaiv 06:8 60 64:8. 0.06 . 341 sq. ft. 
PM its Se das ccs cave dese 434 sq. ft. 
TECH long Wie 5) 866 06-9: 6:66:60 980 Jets 495 sq. ft. 
MSE ek Mees ode cannes se cnaies -622 sq. ft. 
ce -753 sq. ft. 
ho ROR es .916 sq. ft. 
COUT SE Rye 1.047 sq. ft. 
BO ss cc cscvcvs sven 1.175 sq. ft. 





In figuring the radiation for greenhouses, the cubic con- 
tents is not taken into consideration—only glass and wall 
surface. Pipes are selected in preference to radiators or 
cast iron wall coils because of the convenience with which 
pipes can be laid under the benches and the greater 
efficiency of the pipe coils as compared with cast iron 
radiation, , 

Great care must be exercised to provide sufficient air 
vents on the main lines and coils and to pitch all pipe and 
coils properly to avoid pounding and slowing up of the 
movement of water or condensation. Large coils should 
have two or three headers rather than to try to connect 
them to only one header. Sufficiently large ball float traps 
are advisable in place of thermostatic traps when steam 
heating systems are installed, 


ie Od 


CHAPTER XIX 


RANGE BOILER CONNECTIONS AND PRINCIPLES 
OF DOMESTIC HOT WATER HEATING 


When a hot water supply system is installed and the 
piping roughed-in to bath rooms, kitchen sinks, lavatories, 
laundry tubs, etc., the pipes are usually small because the 
connection to the fixture is seldom more than one-half inch. 
It is assumed that a 1 inch pipe will readily take care of 
four one-half inch pipes. This is true providing no car- 
bonate of lime (or scale) is formed in the system and no 





Figure 64.—Section of Hot Water Supply Line Showing Carbonate 
of Lime Deposit. 


corrosion takes place in the lines. Hot water pipes suffer 
more from this source than cold water lines because in cold 
water pipes the impurities in the water are carried in 
solution. When water is heated these impurities are sepa- 
rated and lodge in the pipes or in the coils of the heater, 
the water back or the gas heater. 


[207] 


208 PRACTICAL HEATING SYSTEMS 


This is particularly true in towns and cities that receive 
their water supply from springs, rivers or mountain lakes, 
where the water, on its way to such supply sources, passes 
through lime rock or other mineral deposits that are solu- 
ble. On its way, the water takes up these impurities and 
holds them in solution. When heated they separate from 
the water and are deposited first in the form of mud which, 
if allowed to remain, hardens and forms scale. For this 
reason hot water lines should not be figured too small. 
Figure 64 shows a section of hot water pipe that was in 





Figure 65.—Correct Hot Water Connections from and to Heater. 


service only three years, which proves conclusively the 
point above mentioned. 

Hot water, being lighter than cold water, travels up- 
wards, not downward. If we will only remember this one 
point all our troubles are solved. You can force hot water 
in any direction by pumping, but we cannot make it travel 
downward by its own weight. If it is necessary to force 
it downward we have to resort to all kinds of loops to 
accomplish it, and then it is a mighty unsatisfactory 
procedure. 
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Let us consider first the installation of a domestic hot 
water plant, the water being heated by a coil in the boiler 
in winter and by a laundry stove or gas heater in summer. 
In Figure 65 the proper connections are shown to and from 
the coils. It will be noted that all hot water connections 








Y CONNECTIONS 
WATER FRONT 





























Figure 66.—Standard Range Boiler and Water Back Connections. 


‘enter the range boiler approximately 6 inches below the 


top. All new range boilers manufactured in the United 
States since January 1, 1926, are equipped with two inlets 
or the side of the range boiler 6 inches from top and 
bottom. This is United States Standard now. (See Figure 
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Figure 67.—Improper Connections of Gas Heater to Range Boiler. 
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66). Valves must be placed on each piece of heating 
equipment as shown at A, Figure 65, so that the equip- 
ment not in use may be shut off to prevent cold water from 
circulating through the hot water supply line from the 


Hot Waler 





Cold Wailer 


Figure 68.—Proper Connections of Gas Heater to Range Boiler. 


bottom of the range boiler. Instructions must be given 
to open these valves when the equipment shut off is placed 
in service again. 

No matter whether an ordinary tank heater or an instan- 
taneous heater is selected, both must be installed properly. 
Figure 67 shows the wrong way to install a gas hot water 








SSS 


212 PRACTICAL HEATING SYSTEMS 


heater, Such an installation does not give the proper 
results. When water is drawn from the hot water faucet, 
soine of the cooler water in the tank will flow through pipe 
A, mixing with the hot water from pipe B, thus cooling 


40 AT, 
ba-) LAG 754 





NOW BY PASS TEE. COLO WATER SUPPLY 


A— 
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WATER BACK 











sitdeaer? 


Figure 69.—Range Boiler with Water Back and Gas Heater 
Connections. 


the water delivered to the faucet. Another common fault 
with this installation is that pipe C fills with sediment in 
cases where the water supply is drawn from lakes or rivers, 
causing hammering in the coils or tank. 

The proper way to connect a gas water heater with a 
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tank is shown in Figure 68. The hot water from the 
heater is discharged into the tank through pipe D and 
accumulates on top of the cold water, forcing circulation 
through pipe #, thus causing the sediment to collect on 
the bottom of the tank, from which it may be drawn off 
through faucet F. By this means the mixing of cold and 
hot water, as explained, becomes impossible, and hot water 
may be drawn at all times. 

Figure 69 shows a piping arrangement different from 
the preceding illustration. This arrangement may be used 
when the range boiler is located near the kitchen range 
and this boiler connected to the water back of the kitchen 
range. 

The kitchen range water back must be connected on the 
right hand side, as indicated in Figure 69. If a gas heater 
is to be installed in connection with the range boiler, it 
cannot very well be connected into the water back connec- 
tions but it may be connected as indicated in Figure 69, In 
order to prevent the cold water from the bottom of the 
boiler being drawn upwards through the coils of the gas 
heater when a hot water faucet is opened, a non-by-pass 
tee must be installed on the top of the range boiler as indi- 
cated so that hot water may be drawn from the boiler 
around the by-pass tee. This will prevent the mixing 
of the cold water with the hot water, which will be the 
case if a straight tee is used. The non-by-pass tee should 
be as close to the range boiler as possible. 

Another source of trouble is the connecting of the hot 
water tank with a coil in the boiler, furnace or hot water 
back of a stove, in addition to the gas heater, as illustrated 
in Figure 70. This connection is entirely wrong. Cold 
water will pass through the coil in the boiler or furnace or 
through the water back, when they are not in use, mixing 
with the hot water delivered by the gas heater, thus causing 
warm water instead of hot to be discharged at the hot 
water faucets. In this case, also, not the gas heater but 
the incorrect installation is at fault. ‘The proper connec- 





~~ 


214 


PRACTICAL HEATING SYSTEMS 


STEAM BOILER 





Figure 70.—Incorrect Hot Water Connectlons from Heaters. 
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tions that will produce results are shown in Figure 65. 

In case a return circulation line is used, cold water is 
often by-passed through this line, and mixes with the hot 
water in the same manner as heretofore described. A 5 to 
12 degree check valve should always be placed in this line 
close to the storage tank in such a way that the water can 
circulate to the tank but cannot flow back from the tank. 

A gas heater, to be properly installed, must be connected 
with the chimney in order to create a draught. Back 
draughts must be avoided for the reason that they will 
decrease the efficiency of the gas heater and cause the gases 
of combustion to be discharged into the room. 

The pipe leading to the chimney need not be full size— 
a 2 inch or 3 inch pipe will do. 

Proper Size of Pipe Connections.—Connections to hot 
water tanks are often installed entirely too large. The 
water stored in these pipes cools considerably, and this cold 
water has to be drawn off before a supply of hot water 
can be obtained. Table L gives the capacity of various 
sizes of pipes holding one gallon of water. 


TABLE L 


Various Sizes AND LENGTHS or Prrzr Hotpine ONE 
GALLON oF WATER 





36” pipe, 100 ft. long, holds 1 gal. water 
1%" pipe, 638 ft. long, holds 1 gal. water 
3%” pipe, 36 ft. long, holds 1 gal. water 

” pipe, 22 ft. long, holds 1 gal. water 
1144,” pipe, 12 ft. long, holds 1 gal. water 
11%” pipe, 9 ft. long, holds 1 gal. water 


When water is not circulated, it is advisable to use as 
small a pipe as possible in order to reduce the waste, pro- 
viding the water does not contain a great deal of carbonate 
of lime. The pressure loss through a 84 inch pipe, 100 
feet long, is approximately 414 pounds and at ordinary 
city pressures, approximately 6 gallons per minute will be 
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discharged. A 1% inch pipe, 50 feet in length, under the 
same conditions, will discharge approximately 4 gallons 
per minute. The smaller the line, the shorter the time 
required to draw hot water, and a correspondingly smaller 
amount will be left in the pipe to cool. The sizes will vary, 
of course, depending upon the different city water pres- 
sures. In buildings where long supply lines have to be 
installed, it is advisable to provide a circulating line, which 
not only saves a great deal of water but gas also, because 
the cool water drawn off and wasted has to be replaced 
with cold water, which in turn must be heated. 

Covering Hot Water Pipes.—Hot water pipes are seldom 
covered because the enormous loss through radiation is not 
appreciated. It is assumed that there is very little heat 
loss. Table LI gives the amount of extra gas used, also 
the B. T. U. loss for 100 feet of uncovered hot water pipe 
ina month. This table shows clearly the value of covering 
pipes, the cost of which will be paid for in a short time by 
the saving in gas. Fully 85 per cent of the B. T. U. loss 
can be eliminated. In the table, the hot water temperature 
is assumed to be 140° F. 
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* TABLE LII 
Loss Dur To UNcovERED TANKS 

B.T.U. loss of Extra gas 

uncovered tanks consumed 

30 gal. tank .........4.- 1,788,006. ...ceccere 4,300 cu. ft. 
66 gal. tank ............ 2,822,000.........4% 7,100 cu. ft. 
120 gal. tank ............ 8,822,000........... 9,800 cu. ft. 
250 gal. tank ............ 6,032,000.........-. 15,000 cu. ft. 
500 gal. tank ............ 7,872,000.........66 19,600 cu. ft. 





The above losses are figured on a 30-day basis. 

Where a considerable amount of water is used, it is 
advisable to install a tempering tank in the basement and 
thus take advantage of the temperature existing there. For 
instance, if the water from the city mains is delivered to 
the tank in the winter time at 38° F. and the temperature 
in the basement is 70° F., the water in the tempering tank 
will be raised 32° without extra cost. If considerable 
water is drawn of course it cannot be heated to the base- 
ment temperature, but it is safe to say that from 20 to 25 
per cent of gas can be saved by the installation of a temper- 
ing tank. If considerable sediment is present, it will be 


TABLE LI deposited in this tank preventing the filling up of the hot 
} Loss Dur To UNcovERrED PIPEs water lines. 
I B.T.U. loss of Cubic feet of 535 When check valves or shut-off valves are used, or where 
‘ heat from 100 ft. B.T.U. gas used to a meter is installed, all hot water systems should be pro- 
i %4" pipe egg atria Oe ae tected against excess pressure by a safety valve to prevent 
H 4” vee 7,000 cu ft. damage. Gas burners should be adjusted to use a maximum 
. 1 ” pipe ... 8,900 cu. ft. amount of air without back-flashing. When the gas supply 
q ee pe map” rats cus a is thermostatically controlled, a positive thermostat should 
) 20" ine 16,200 ae fe be used in preference to a gradual thermostat because 








better results will be obtained. 

Where range boilers are located on different floors, all 
heated from one or more sources, the connections must be 
made as shown in Figure 71. The hot water heater shown 


The efficiency is assumed to be 74.7 per cent. 
Covering of Hot Water Storage Tanks.—Is the covering 7 
} of hot water storage tanks advisable? Table LII will 


—ws 





= 


answer this question and prove conclusively the value of 
such covering. 


at A is heated by the steam from the boiler. A gas heater 
may be connected into the lines B and C. The header D 
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| Figure 71.—Range Boiler Installation for Two-Flat Building. 
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carries two valves to regulate the flow to the range boilers 
on the two floors. 


When two tanks are installed in the basement they may 
be cross-connected in the same manner as shown in Figure 
71, observing the same rules. Many other combinations 
can be worked out if the principles shown in Figures 61, 
67, 68, 70 and 71 are observed. The range boiler may be 
installed on the first floor if desirable, but in this case the 
hot water supply line to the fixtures must run above the 
boiler and drop down to faucets in order to obtain satis- 
factory results. Never run this line in basement and 
come up through the floor to the fixtures. The hot water 
supply line in this case, if it is carried to bath rooms on the 
first or second floors, must pitch upwards slightly towards 
the end. Branches to any upper floor. may be taken off 
where desired, also branches or drops to the fixtures on the 
same floor. When it is desirable to run a circulating line 


TABLE LIII 
GaLtons oF Hor Water Usep Per 24 Hours 





Number of Number of Bath Rooms 
Rong = |-——— $e 
in Suite 1 2 3 4 5 
1 60 
2 70 
3 80 
4 90 120 
5 100 140 
6 120 160 200 
7 140 180 220 ; 
8 160 200 240 250 
9 180 220 260 275 
10 200 240 280 300 
il 260 — 300 340 
12 280 325 375 450 
13 300 350 420 © 500 
14 320 375 460 550 
15 400 500 600 
16 540 640 
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in order to circulate the hot water so that when a faucet is 
opened hot water can be drawn immediately such circulat- 
ing line must be provided with a check valve close to the 
hot water storage tank or range boiler. This check valve 
should be a 5 to 12 degree swing check with the flapper 
seat flat. This is necessary because a 45 degree check 
takes too much pressure to open, and on a hot water system 
the pressures are nearly equal. The differential pressure is 
so small that it will not lift a 45 degree check in many 
cases. 


TABLE LIV 
Gattons or Waren Usep Per 24 Hours 1x Hosprrats 
AND Horets 


eS 
Rooms with Lavatory.............0.00.0.0.0.0 cece ee. 10 gal. 







Rooms with Shower............0.0.00 00000. 00 ce eee ee. 12 gal 
Bachelor Apt. Hotel.................0....0.-0-0.-0... 40 gal. 
Woman’s Apt. Hotel................. 0.0.0.0 cesses 65 gal. 
Two Rooms and Shower....................0...0-2.... 75 gal. 
Three Rooms and Shower....................-....22... 95 gal. 
PUBUGIBREN SEE cs eee catie ne veuevonsrcvcce. 145 gal. 
Public Shower..............00 00 ccc cece eee cece ccc ee eee 200 gal 
POR SDA RBs fo sag acs ns bis ed a ean ed ooo S ale ood beet occas. 30 gal. 
Restaurants............... 1.5 gal. per meal for hand dishwashing 
Restaurants............ 4.0 gal. per meal for machine dishwashing 
Offices Office help per person................... 2.3 gal. 
Institutions Factory help per person................. 5.2 gal. 
Factories—for cleaning 10,000 sq. ft. floor.............. 35 gal. 


One of the main principles to be taken into consideration 
on domestic hot water service, particularly in office build- 
ings, hotels, restaurants, hospitals and public buildings, 
is the size of the storage tank, also the capacity of the 
hot water boiler or heater to be used. In order to determine 
this, the amount of water used under various conditions is 
important. Tables LIII and LIV give the amount of water 
used in various buildings, as well as maximum demand. 
Table LV gives the amount of hot water in gallons per 
hour used per fixture in various buildings. 
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Gattons oF Hot Water Usep Per Fixture Per Hour 
(160°F.) in Various BUILDINGS ror 
Various PURPOSES 





Hospi- : 
Club tals Offices | Resi- | Laundry 





Rooms | Hotels dence 
Private lavatory 3 3 3 3 3 
Public lavatories 5 8 Bo Tees A Sasiae ose 
Bath tub 15 TB ee dqed oF 15 15 
Foot bath 3 Br We haces’ Bi. eae a ee 
Dish washer 25 25 25 WO: [iasecaas 
Tenney oe a oe aqua 7 42 
Kitchen sink | 10 | 20 |........) 10) J........ 
Laundry washer 75 W110: lode 65 150-250 
Pantry sink 10 20° [staat 5 Ct ae eae er 
Showers 150 50 150 50 100 
Slop sink 20 25 25 15 10 
Sterilizers = —— |... . 20 fice ee cde |ea cee tie] ess 
Bed pan washers |........ TD Meise shu |e autos eh aes te 


Total ae ae 

will be drawn a’ 

one time 20% 60% 15% £0% 100% 
Storage to provide | 100% 58% 100% 100% 100% 





The storage capacity and the total amount of water likely 
to be drawn at one time are given in the tables. 


Range boilers and storage tanks are now standardized 
and approved by the United States Chamber of Commerce. 
The sizes given in Table LVI are Standard. This table 
gives the length, diameter and capacity in United States 
gallons. 

In many instances the storage tank is selected properly 
but is unable to furnish the required amount of hot water,' 
due to the fact that the coils installed in the storage tank 
are insufficient to produce sufficient hot water. Table LVIL 
gives the tank dimensions, size of steam coils and minimum 
length of coil required for proper heating. 
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TABLE LVI 


Stanparp Hor Water Storace TANK DIMENSIONS 
AND CAPACITY 


—— 





Diameter Lengthin Feet Capacity in Gallons 
20 inches 5 82 
24 5 118 
24 6 142 
30 6 220 
30 8 294 
36 6 318 
36 8 423 
42 7 504 
42 8 576 
42 10 720 
42 14 1008 
48 10 940 
48 16 1504 
48 20 1880 
TABLE LVII 


Sizz or Prez Corts anp LenetH or Com Requirep For 
Hor Warer Storace Tanks 





Tank Dimensions Length of Coils 
Diam. Length Size of pipe in Feet 
20 in, 5 1.” 14 
24 5 1y," 14 
24 6 14,” 18 
30 6 14%” 18 
30 8 14” 26 
36 6 1%” 18 
36 8 1%” 26 
42 7 14%” 22 
42 8 1%" 26 
42 10 1%" 34 
42 14 1%" 50 
48 10 2% 34 
48 16 » ied 58 
48 20 2 74 
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Corrosion—Why does hot water corrode steel and 
iron pipe more readily than cold water? ‘The 
reason is that cold water can carry more oxygen 
in solution than hot water. As the temperature rises the 
water liberates the oxygen. Water near the freezing point 
will hold 10 times as much oxygen as it will at summer 
temperature. When water is heated to 160° or 180° nearly 
all the oxygen is driven off and this free oxygen is what 
corrodes the pipe. Soft water containing carbonic acid is 
more corrosive than hard water. Brass pipe is used for 
hot water service in some of the largest buildings where 
the pipes are laid in concrete. Colored surface water is 
more corrosive than colorless hard water. Ground waters, 
on the other hand, are more corrosive than surface water, 
because they generally contain carbonic acid, and such 
water does not form a slimy layer on the walls of the pipe, 
which protects the pipe. 

Filtered water is more corrosive than unfiltered water 
because the slimy matter which protects the pipe is re- 
moved. If filtration is used at all, sand filters are preferred 
because if alum is used in mechanical filters it increases the 
amount of carbonic acid in the water. Sea water, which 
is high in chlorides and nitrates, is very corrosive. It 
is well to safeguard the installation by the use of red 
brass pipe. All brass pipe and fittings should be tapped 
and taper-threaded. Do not use fittings tapped with a 
straight pipe tap. 


INSTANTANEOUS HOT WATER HEATERS 


In many cases where high-pressure steam is available 
or large amounts of exhaust steam, the instantaneous 
heater is used to supply hot water for domestic purposes 
or for shower baths in club houses, hotels, gymnasiums or 
hospitals. Such installations if properly made are efficient. 
Care should be taken to provide for ample storage. The 
hot water supply connections from the instantaneous heater 
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should connect to the top of the hot water storage tank 
as well as the main supply line running to the fixtures. If 
a thermostatic control valve is installed, the bulb of this 
valve should be connected to the storage tank near the 
bottom to assure that the entire storage tank is filled with 
hot water before the steam control valve shuts off the 
steam leading to the coils in the instantaneous heater (see 
Figure 72). The end of the heater coil must be connected 
to a ball float steam trap or a bucket trap in order to 
remove the condensation rapidly. This trap must be at 


HOT WATER 
SUPPLY MAIN 
TOP Ae. 


INSTANTANEOUS HEATER 





















THERMOSTATIC HOT- a 
WATER BULB CONTROL: \ | 
LING STEAM SUPPLY 4 
VALVE. 


Figure 72.—Location of Thermostatic Bulb on Instantaneous 
Heater. 


least one, or preferably two, sizes larger than the coil (if 
high-pressure steam is used), because the steam will be 
condensed rapidly and a large amount of condensation has 
to be handled. The reason for this is explained in the 
chapter on steam traps, also the amount of condensation 
to be handled is given there. 

When low-pressure or exhaust steam is used the condensa- 
tion may be trapped by a U bend of the same size as the 
heating coil and discharged into a sump or hot well. A 
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low pressure, balanced-valve, ball-float trap, or a bucket 
trap, may also be used. It must be remembered that the 
steam coils on any hot water heating apparatus are sub- 
merged in water and will condense, when the water is cold, 
all the steam that can be fed to the coils. Many jobs are in- 
stalled where not sufficient hot water is available. If such 
jobs have steam coils installed in the hot water heater or 
storage tank, 90 per cent of such trouble jobs can be reme- 
died by the installation of a larger trap capable of removing 
the condensation immediately after it is formed. It is advis- 
able to install a high-pressure reducing valve on all hot 
water heating apparatus in which exhaust steam is used 
as the heating medium, so that live steam will be supplied 
to the coils in case the exhaust is not sufficient to heat the 
water. This valve should be set to open a few ounces 
lower than the exhaust back pressure in order to use all 
the exhaust. When the pressure drops on the exhaust line, 
the live steam will be admitted to take care of the deficiency 
automatically. 

Brass pipe coils will heat quicker than iron or steel 
pipe coils, due to the fact that the heat penetration is 
slightly greater on brass than on iron. 








CHAPTER XX 


TROUBLE JOBS ON HOT WATER, STEAM, VAPOR, 
VACUUM AND AIR LINE HEATING SYSTEMS 


Let us start with the general trouble encountered in all 
heating jobs and then discuss each system separately, 

Finding Trouble—In order to find trouble and elimi- 
nate it successfully, we must remember the underlying 
principles of all trouble jobs on heating systems. ‘There 
are two main points to consider, air and water. ‘These 
two elements form the basis and cause most of the troubles 
encountered. The other trouble, not so frequent, is faulty 
installation. When trouble is reported on a job, one is 
inclined to look at the piping, the boiler, ete. The writer 
has been called upon to straighten out trouble jobs for 
twenty years and has never failed on a single one because 
the piping system and all other matters are never con- 
sidered until after the cause has been established. After 
establishing the cause and the spot at which the trouble 
occurred, the remedy is easy. Let us remember this, if 
pounding exists in a heating plant, it is caused by water 
(condensation). If radiators fail to heat or air binding 
exists either in the radiator, supply or returns, or in the 
branch leading to the radiator it is air that causes the 
trouble. Having established the cause the next step is to 
find the spot at which the trouble is located. This is 
generally not hard to find. Let us say pounding exists 
in the supply line to the radiator or in the branch arm to 
the radiator. We know that it is nothing but water in the 
line that causes this pounding. When steam is flowing 
in a pipe in one direction and it meets.a body of water, 
no matter how small this body of water may be, the velocity 
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at which the steam travels takes this body of water along, 
and throws it against the walls of the pipe, the 
first elbow or tee on the line with such a force 
that it produces a sound which is known as water 
hammer. ‘The blow that this water delivers to the 
elbow or fitting is sometimes hard enough to break the fit- 
ting. At other times we will find that the pounding exists 
in a straight run of pipe. The water (condensation) that 


has gathered is carried along by the steam in this case: 


until it is pushed together into a solid mass filling the 
pipe. When this body fills the pipe the steam cannot pass 
over the top of the water in the pipe and drives this body 
of water against the sides of the pipe in the form of a 
slug, thus causing the knock. On many heating jobs the 
knocks are more frequent in the morning when starting, be- 
cause in the first place, the pipe lines are cold and condense 
the steam very fast, forming water which has to be elimi- 
nated ; secondly, the radiators are cold and condense a great 
deal more steam than when hot. Condensation from all radi- 
ators, together with the condensation from the pipe lines 
is 4 to 5 times as much in the morning as at any other 
time. If the condensation is not relieved by proper traps 
on the supply lines, it is bound to cause knocks until it 
has had time to be discharged through the radiator, and the 
piping system and radiators have heated up sufficiently to 
cause less condensation, which can be carried along with 
the steam without disturbance. The remedies for various 
jobs are different and will be thoroughly discussed in the 
following pages on the different types of heating systems. 


AIR BINDING 


If it is found that certain branch lines are not as hot as 


they should be or remain cold in the morning for a certain . 
‘period, or certain radiators heat up partly or not at all, 


the trouble is caused by air in the lines or radiators. Air 
is the greatest enemy of steam. They will not mix and 
air causes much trouble if not relieved properly. If the 
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heating system is air bound, the remedy is to install air 
vents at such places as are found to be affected. A good 
place to relieve the air from any heating system is the 
radiator. Air gathers here more readily than at any other 
place because the radiator forms the loop on the branch 
line. Good air vents that will positively eliminate air are 
a valuable asset. There are a great many so-called air 
vents on radiators which do not eliminate the air and these 
should be replaced. A good air vent will always free the 
radiator of air and not blow steam. Even if a little steam 
escapes it is beneficial because it increases the humidity of 
the air, and humidity is lacking in a great many rooms 
and buildings. 

Before proceeding, let us make one point clear, which 
holds good on any trouble job, and that is, never take any- 
thing for granted. 

Examine every part and go into every phase of the work, 
also look at every piece of the equipment that is involved 
and you will succeed. 

The hidden things are the ones that the ordinary man 
passes over when hunting trouble, because he takes for 
granted that these hidden things are all right, and it takes 
work and courage to examine them. 


TROUBLES ENCOUNTERED ON HOT WATER HEATING PLANTS— 
OPEN SYSTEM 


A common trouble with hot water heating plants is air 
binding. The air is sometimes pocketed in mains when a 
bushing is used to reduce the size of the mains. Figure 5 
illustrates this problem. The remedy is to put an air vent 
on the place where the air is pocketed, or still better, use © 
a reducing coupling with the eccentric side turned up as | 
shown in the lower cut in Figure 5. In this manner it 
is impossible to pocket air in the main. After a system is 
filled and while filling all air vents on the radiators should 
be open to allow the air to escape. They should be opened 
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once a day, for a few days after starting the system. No 
trouble will be experienced after this is done. 

Another trouble is loss of water from the plant. This 
is often due to the expansion tank being connected to the 
supply. The reason for the loss is as follows: The water 
in the system, when heated, expands and fills the tank to 
the overflow point, after which it is discharged into the 
sewer. When the water cools during the night it may 


drop below the top radiator, thus admitting air to those’ 


radiators. If water is admitted into the system in the 
morning this air is pocketed in the radiator and the radi- 
ator fails to heat, being air bound. The remedy is to let 
the air escape by means of the air valve on the side of the 
radiator. Never connect the expansion tank to the supply, 
always into the return. This connection need not be 
carried down to the basement but may be made into any 
return line close to the tank. It is desirable, however, to 
connect to the boiler if this can be done without running 
the pipe too great a distance. 

Trouble with short circuiting is also encountered. In 
this case some radiators will not heat at all or only after 
the water has obtained a higher temperature. This is 
generally due to a faulty connection; the branches to the 
radiator are too small or are taken off the main at the 
side. When side connections are made the first hot water 
travels on top of the body of water in the main as shown 
in Figure 13 at A. This first hot water will go only to 
radiators connected to the top of the main or those taken 
off on a 45 degree angle. Such radiators will heat and 
the balance taken off the side, as shown in Figure 13, will 
not heat until all the water in the system is heated. If 
such radiators do not heat after the water in the system 
has become sufficiently warm, the branch should be taken 
off on a 45 degree angle or made one size larger. This 
will remedy the trouble. The inlet valve to the radiator 
in this case must also be one size larger. Usually this 
trouble is encountered where mains 114 inches in size or 
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smaller have been reduced. Mains 114 inches or smaller 
should never be reduced except where the main makes a 
turn and then by means of a reducing elbow, reducing 
one size only. (See Figure 7). 

Another trouble often encountered is with the radiator 
valves not opening far enough to admit sufficient water 
to enter the radiator. If the valve is of such design that 
it may stick, this fact should be promptly remedied. Valves 
on hot water heating jobs should have a full opening— 
fractional valves should never be used on hot water heating 
systems. Valves should have a free discharge—never use 
globe valves on hot water heating jobs. Use either angle 
valves, gate valves or hot water radiator valves with full 
openings. 

Expansion tank troubles are common and they can 
mostly be traced to faulty connection. The water level 
should be well up in the tank. The tank can be operated 
best if filled two-thirds full. If connected to the return 
very little trouble will result if the atmospheric vent is 
provided in addition to the overflow, as shown in Figures 
10, 11 and 12. 

Faulty Return Connections on Hot Water Systems.— 
When short circuiting occurs on hot water heating systems 


in a great many cases it is caused by faulty connections to 


the return line. The supply branch to the radiator, if 
connected on a 45 degree angle or on top of the supply, 
will circulate the water in the proper manner, but the 
fault is usually with the return. In a number of cases the 
writer has found that if a reducing tee is used, for in- 
stance, a 114x 2x 1 inch T, as illustrated in Figure 73, 
the water coming from pipe A will spread out and cut off 
the water from line B, as indicated by the arrows. This 
is particularly true if the line B is long and a good circu- 
lation exists in pipes A and C. The remedy for such 
conditions is the installation of a non-by-pass T that may 
be purchased from any dealer. This trouble is common in 
all cases where the lines are too small to carry the load 
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and rapid circulation exists in the main return, Line B 
should be connected into the return line on a 45 degree 
angle by means of a special fitting. This will also over- 
come the trouble. 

In some cases the reducing tee was removed and replaced 
with a straight tee with reduced side outlet and no further 
trouble was encountered. The main return line is continued 
for five or six feet the same size and then reduced by 
means of an eccentric reducer. 

Trouble Encountered on Closed System.—The same 





Figure 73.—Return Connection Cut Off by Circulation in Main. 


troubles as explained in the foregoing paragraphs on the 
open system are encountered on the closed system and need 
not be repeated. Beside these there is one common 
trouble, often encountered, on account of which closed 
systems are condemned, namely, air binding. When the 
closed expansion tank is improperly located so that the 
air from the system cannot gather in this tank, the above 
complaint is frequent. Figure 9 shows the correct location 
of the tank. 

Another common trouble, still oftener encountered, is 
due to the fact that the expansion tank is allowed to 
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completely fill with water, leaving no room for the air to 
gather. This is wrong and should in all cases be remedied. 
If not sufficient air space is left, the air from the heating 
system cannot escape and the air in the tank, which acts as 
a cushion, cannot be compressed, thus forming pressure in 
the tank which forces the water back into the system as it 
cools during the hours when the boiler is operated on a 
banked fire. This is a most important item in a closed 
system. The expansion tank must never be full when the 
system is cold. One-half to two-thirds full is sufficient 
for any plant. Many installations, condemned for no 
other reason than the one given, have been made to operate 
satisfactorily by letting half of the water out of the closed 
expansion tank. 

If trouble occurs on closed hot water heating plants, 
check the height of the water level in the tank first and 
in most all cases you eliminate the trouble. 


SINGLE-PIPE GRAVITY STEAM HEATING TROUBLES 


There is not a heating system that has given more 
trouble than a single-pipe gravity job when not properly 
installed or when the pipe sizes are too small to handle the 
condensation. This is due to the fact that the supply pipe 
to the radiator must carry back to the boiler all the con- 
densation from the radiators. When we consider that each 
foot of radiation condenses approximately three-tenths of 
a pound of water per hour and 100 feet of radiation, 30 
pounds of water per hour, we begin to realize how im- 
portant it is to install large supply lines to the radiator. 
One common trouble is water hammering in the lines or 
radiator. Let us see what takes place. The supply line 
from the boiler carries the steam to the radiator (See 
Figure 16), and up to the various floors. As the steam 
condenses in the radiator the condensation must flow 
back to the supply main through the same pipe that 
delivers the steam. If this pipe is too small the water 
will be chucked back and forth in the radiator until the 
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radiator is filled completely with steam, at which time the 
flow of steam through the supply pipe is reduced, thus 
affording the water an opportunity to escape. This water 
is carried to the supply main and is pushed along this 
main to the end where it enters the return line (Figure 
16). Until this takes place it obstructs the flow of steam 
in the supply. It will be readily noted from the foregoing 
that the supply line (Figure 16) must be large enough to 
carry both condensation from the radiators and the steam 
to supply the entire heating system. Another point to 
remember is that supply line S, (Figure 16) must pitch 
down as shown, in the direction of the steam flow to 
relieve the water rapidly into the return. In many cases 
this line is pitched back to the boiler, which is absolutely 
wrong, because the flow of steam at a certain velocity, 
depending on the condensation, will retard if not prevent 
the return of the condensation to the boiler. Such con- 
densation is carried to the end of the supply line if it is 
pitched down to the boiler and causes no end of trouble, 
sometimes preventing steam to enter the last branch lines 
on the job. If a supply line is pitched the wrong way 
the remedy is to put in tees in two or three places, if the 
line cannot be graded the correct way, and drip the supply 
line back into the return. These drips should be located 
close to the risers or connect where the risers enter the 
supply to take care of the condensation in order to prevent 
its travel in the supply. Two such drips are shown in 
Figure 16, and these will take care of the situation. 

If hammering is encountered in radiators on single-pipe 
gravity systems, it is due to the supply line being too small 
or the radiator is not pitched the right way. In many 
cases where the supply is small the trouble of the pounding 
has been remedied to a certain extent or greatly relieved by 
placing a short cast iron leg extension piece (which can 
be purchased for a few cents) under the two legs of the 
radiator on the opposite end to the supply. This will 
give the radiator a pitch towards the supply and drain the 
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condensation more readily. ‘The cast iron leg extension 
pieces can be purchased in different lengths, from one-half 
inch to two or three inches long. 

If air binding exists in the supply or riser, an air vent 
placed at the spot where the air gathers will relieve this. 
The top of all risers should be vented by an air valve, All 
radiators must have good air vents on this kind of a 
system in order to function efficiently. Any wall radiators 
installed on single-pipe jobs must be pitched well to the 
supply end of the radiator. Air vents installed should 
be near the highest point. 

When trouble is encountered with the return line it is 
mostly due to the installation of check valves on the return 
line. This is the worst thing that can be done. Any one- 
pipe gravity heating system properly installed will work 
much more satisfactorily without a check valve on the 
return than with a check. The reasons for this were out- 
lined before and a glance at Figures 18 and 19 will explain 
this thoroughly. The remedy is to take the flapper out of 
the check valve and leave the body in the line. 

The connections to the radiator on single-pipe gravity 
jobs should be taken off on a 45 degree angle as shown in 
Figure 16, and much better results will be obtained. 


TROUBLES ENCOUNTERED ON TWO-PIPE GRAVITY STEAM 
HEATING SYSTEMS 


Two-pipe steam heating systems installed with check 
valves on the return from each radiator suffer mostly from 
the fact that in many cases these check valves are installed 
directly on the radiator. This is wrong and a look at 
Figure 18 will explain the reason clearly. When such check 
valves are of the 45 degree swing check type this trouble 
is greatly increased. If check valves are used, the flapper 
should have an angle of from 5 to 12 degrees or a check 
valve nearly balanced should be used. This will help 
greatly to reduce the trouble. On all installations the 
check valve should be placed on the return line about 18 
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inches to 2 feet below the radiator, so that the weight of 
the condensation will help to open the check valve. The 


main line must be dripped in the same manner as shown ~ 


in Figure 16, and a separate return must be installed to 
catch the return lines from the radiators. This line can 
be connected into the main line drip close to the boiler, 
below the water line of the boiler. On some jobs this line 
is connected above the water line of the boiler and causes 
trouble in every case. The differential pressure is so great 
between the supply and return that the condensation backs 
up into the return for quite a distance. In checking such 
conditions it was found that the steam header on the boiler 
was not equalized, that is to say, no connection was made 
from the steam header to the return header on the boiler. 
After this connection was installed no further trouble was 
encountered. (See Figure 25). 

All risers on two-pipe gravity steam heating systems 
should be dripped into the wet return, as shown in Figure 
16 to avoid trouble, and when pounding exists it usually 
can be remedied by dripping the riser. 


TROUBLES ENCOUNTERED WHEN RADIATORS ARE PLACED 
BELOW BOILER WATER LINE 


When radiators or wall coils must be placed below the 
water line of the boiler in basements and when it is im- 
possible to pit the boiler a sufficient amount to cause the 
condensation from the heating system to return to the 
boiler by gravity, there is nothing that can be done except 
to install a return line condensation pump and receiver, as 
shown in Figure 20. There is no other method efficient 


erough to prevent trouble. The returns in this case are ~ 


water-sealed, and no matter what contrivances may be 
installed, trouble will result unless a pump is used. Gate 
valves, angle or corner valves, must in all cases be used on 
such basement radiators. The reason for this is explained 
in Figure 17. When air binding occurs on basement radi- 
ators an air vent should be installed near the basement 





TROUBLE JOBS 237 


ceiling to remove the air. The receiving tank also should 
be provided with a combination float and thermostatic 
air vent as well as a vacuum breaker. Both of these are 
shown on top of the receiving tank in Figure 20. 

If the heating system installed is large, containing over 
2000 square feet of radiation, the returns from all radiators 
above the basement floor may be connected to the boiler 
separately, without going to the receiving tank and pump. 
This we have illustrated in Figure 20. In this drawing the 
returns from the basement radiators are handled by the 
pump only. A much smaller pump can be used and the 
cost of the installation, as well as the cost of the electric 
current consumed by the motor driving the pump, can be 
cut down materially. The supply to all basement radiators, 
if possible, should be taken off the end of the main, as 
shown in Figure 20. This will help to clear the main of 
condensation. The return line pump, in all cases, should 
be automatically controlled to reduce wear and tear to a 
minimum. The running expense of a pump so controlled is 
considerably less than a pump operated continuously. The 
automatically controlled pump will operate only a few 
minutes when: sufficient water’ is present in the receiving 
tank to start the pump, and will stop immediately when 
the condensation is removed. The automatic control fea- 
ture is operated by a float in the receiving tank. Pumps 
not automatically controlled will operate constantly day 
and night and the operating cost will be enormous. The 
continuous operation of such a pump during the night 
will also be annoying to the tenants of the building. 


TROUBLES ON AIR LINE SYSTEMS 


Many one-pipe gravity jobs that are not operating prop- 
erly can be entirely remedied by the installation of an air 
line as explained under the chapter on “Air Line Systems” 
(See Figure 22). Where additions are made to such 
systems the air line will assist greatly in the circulation. 

Air line systems as a rule cause very little trouble if the 
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pump is kept in operation. This pump should be auto- 
matically controlled so that it will not operate continuously. 
The regulator should be set to cut in at 3 inches of vacuum 
and out at 8 to 10 inches of vacuum. Should a radiator 
fail to heat the small port in the air vent is clogged with 
dirt as a rule and should be cleaned. If the pipe leading 
from the air vent is hot a greater distance than 2 feet from 
the radiator, the thermostatic disc needs replacing, or dirt 
has collected under the seat of the valve. If air collects 
in the supply lines or branches it can be relieved by in- 
stalling an air vent in the place affected and connect the 
discharge of this air vent to the vacuum air line. In this 
manner all air is removed from the entire heating system. 
The air line pump should be started before firing up in 
the morning so that all the air may be drawn from the 
system. The operation will then be materially improved 
and an absolutely noiseless operation is assured. 


TROUBLES ENCOUNTERED ON VAPOR SYSTEMS 


Very little trouble is encountered with the condensation 
on a vapor system. It usually returns promptly to the 
boiler because only a few ounces of pressure are carried 
on the boiler. When the vapor heating system is installed 
in bungalow or small apartment buildings, usually an air 
trap is installed, as shown in Figure 25. This air trap 
should not be installed on the first floor because it is open 
to the atmosphere in this position and of very little use. 
It should be installed as high above the return as possible 
in the basement or in line with the return, as shown in Fig- 
ure 25. In this case a by-pass should be installed as shown. 


These points should be checked when air binding causes _ 


trouble. The float often becomes leaky and sinks to the 
bottom of the air vent and causes blowing of steam from 
the trap valve. When this occurs examine the float in the 
air trap. Should much steam be present in the return line, 
which can be determined by feeling the return line (it will 
be hotter in some places than in others), the radiator trap 
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nearest the hot part is leaking and needs looking after. 
Drip traps will also cause hot returns, but in this case 
the entire return is usually hot. The remedy is to examine 
the thermostatic disc in the trap or look for sediment in 
the trap body which will keep the trap from seating. If 
any thermostatic discs are not functioning properly they 
may be empty. The chemical, with which the dise has 
been charged, may have escaped. This can be determined 
by shaking the disc. If it is empty, no noise will be heard. 
If it is charged, the liquid chemical will make itself known. 
Most all discs are not filled completely. 

When vapor heating systems are installed in large build- 
ings, an air eliminator and return trap is used in place of 
the air trap, as explained above and shown in Figure 25. 
This air eliminator and the proper connections are shown 
in Figures 23 and 24. The reason for this is the fact that 
on large installations vapor is used for heating during the 
mild spring and fall months and 2 to 10 pounds of steam 
may be carried on the system during the winter months. 
'Lhis high pressure causes the water to pile up in the return 
lines. The only way it can be relieved is by the means of 
an air eliminator and return trap that will equalize the 
pressure of the boiler with the trap, thus allowing the water 
to return to the boiler. This matter was explained before 
and connections are shown in Figure 24. _Vapor systems 
that give trouble, when only an air trap is used, can be 
cured of this trouble by installing a small return trap in 
its place. While the air eliminator and return trap is fill- 
ing it is open to the atmosphere. If steam is discharged 
through this atmospheric connection while the trap is fill- 
ing, some traps on riser drips, main lines or radiators are 
leaking. To determine which trap is leaking, feel the 
discharge line from the trap and if hotter than 180° to 
190°, steam is blowing through. The remedy is to repair 
this trap. When traps are not blowing steam, the 14 inch 
line from the trap can be held in the hand for a few seconds 
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without burning. When traps are blowing steam, this line 
cannot be held in the hand. 


TROUBLES ENCOUNTERED ON VACUUM RETURN LINE 
SYSTEMS AND OVERHEAD VACUUM SYSTEMS 


All vacuum systems of both types, as a rule, are free 
from trouble because the condensation is removed by the 
vacuum pull of the pump. This clears the return lines and 
very little pounding is the result. Where such jobs are 
giving trouble this can usually be traced to leaky traps 
on radiators or drips. The remedy is to examine the trap. 
This can be done during the operation of the system with 
the vacuum pump running because the vacuum pull will 
not allow any condensation to be discharged from the trap 
body. Sometimes the drip trap holds back the condensa- 
tion and pounding occurs, particularly in the morning 
when an excessive amount of condensation has to be taken 
care of, The remedy for this evil is to place the trap 
2 to 3 feet away from the main or riser so that the con- 
densation can cool more readily. The pipe leading to the 
trap may be increased in size also, to facilitate the cooling. 
Thermostatic traps on mains, drips and risers are not as 
desirable as float traps, which can be connected to the 
vacuum return in the same manner as the thermostatic 
trap. 

When trouble of this nature is encountered and satis- 
factory results with the thermostatic traps are not secured, 
place small 14 inch or 34 inch ball float traps, hung on 
straps, from the return or supply line on all difficult points. 

One of the greatest troubles encountered on vacuum 
heating systems is that often no vacuum can be pulled on 


the return lines. Often the operator or the engineer comes 


to the conclusion that the traps are leaking steam. After 
examination it is found that they do not leak, or if they 
leak they are repaired. When this is done the trouble 
continues. The next step usually taken is to put a cold 
water spray in the suction line of the vacuum pump to 
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condense the steam. This is absolutely <— First, the 
cold water has to be heated in the boiler, and second, if a 
low pressure boiler is used, too much water is coming back 
and some of it has to be wasted. This procedure is costly, 
both in water and coal bills. The fault lies in the fact that 
in most all cases, the vacuum return line in the building 
and from the building to the boiler house is covered with 
asbestos covering. Some one wanting to do an exception- 
ally good job created the worst condition possible. What 
takes place is this: the condensation leaves the radiators, we 
will say for example, around 196° F. A vacuum of 10 
inches is maintained on the return line. At 10 inches of 
vacuum the water boils at 192° F., which is 4° lower than 
the temperature of the condensation from the radiator. 
What happens? The water flashes into steam immediately 
and fills the return line, causing all the trouble. This 
important point, and one that has caused untold trouble 
and cost thousands of dollars yearly, should be well re- 
membered and broadcasted because the return lines of a 
great number of installations today are covered with asbes- 
tos. There is no excuse for this and no argument can be 
offered for covering the return lines. What happens when 
they are bare? In the first place, they add to the radia- 
tion and heat the building, saving the installation of 
radiators in the basement in a great many instances—a big 
advantage; second, the return pipe has a temperature of 
192° or more and is surrounded by air at 70° or less. It 
immediately starts to cool and give off the surplus heat 
to the surrounding air. When this takes place the tempera- 
ture drops below 192° and a satisfactory vacuum can be 
maintained in the system without water cooling, because 
the temperature of the condensation is less than the tem- 
perature at 10 inches of vacuum which is 192° F. and at 
which point re-evaporation takes place. Let this point sink 
in deep. Never, never cover vacuum returns. 

Where water hammer or cracking in the pipes occurs 
during morning hours, install the proper trap on the sup- 
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ply lines to remove the condensation and this will stop 
the trouble. Use ball float traps if possible. 
Where snapping occurs in the radiators in the morning 


hours, look at the bushing on the radiator into which the: 


valve and trap are screwed. Many times straight bushings 
are used and the opening of the bushing on the supply 


side is greater (1 inch or 1% inches) than the opening . 


on the trap side which is seldom greater than 1% inch. 
When the steam type radiator is used with the supply 
valve on the bottom of the radiator, what takes place is 
this: the condensation (water) in the radiator runs down 
to the supply end and down the valve connection or supply 
riser in place of going out of the trap, because the opening 
on the valve side is lower. The entering steam throws the 
water back into the radiator, thus causing snapping. If 
this water reaches the lines below the floor or gets into the 
basement lines, it is thrown against the pipe or sometimes 
against an elbow or tee on the end of the line causing con- 
siderable pounding. The remedy for this condition is to 
use eccentric bushings, turn’ the eccentric part up to the 
top on the valve end and down on the trap end of the radi- 
ator. This will bring the trap lower than the supply and 
eliminate snapping so often encountered in the morning 
when more condensation is handJed than during the day be- 
cause the radiators and pipe lines are cold. The correct way 
to install supply valves and traps is shown in Figure 26. 
This connection will never cause trouble or snapping of 
pipes. 

When return lines have to be run under floors, the 
vacuum is often not what may be expected, due to the 


fact that the vacuum pump is placed on the floor. This is . 


wrong. Hot water over 180° cannot be lifted successfully 
and satisfactory results cannot be expected. All hot water 
must flow to vacuum pumps by gravity. See Table 
XXXVII for practical lifts. ; 
When vacuum return lines have to. be dropped below 
door openings, a water pocket is created and trouble results 
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from this condition. The drop in the line causes air to 
accumulate on the inlet side of this drop. The remedy is 
to connect both sides of the drop together by means of a 
connection over the door to remove the air, as shown in 
Figure 57. 

Most generally considerable pounding exists when such 
drops have to be made under doorways, because both ends 
of the return line are connected the same height. The 
remedy is to lower the outlet end of such drop 6 inches 
or raise the inlet side 6 inches (See B and C, Figure 57). 
The distance A in this figure should be not less than 6 
inches, more if possible. This is an important point to 
remember because it holds good on any drop that has to be 
made on any type of heating system. A close study of 
Figure 57 will make this matter clear. 


TROUBLE ENCOUNTERED ON HEATING COILS PLACED IN 
STORAGE TANKS AND STEAM TABLES 


; Considerable trouble is encountered on steam coils placed 
in storage tanks, steam tables, etc. It is generally assumed 
that a trap the same size as the coils will handle the 
condensation. This is wrong, because, it takes a much 
larger trap. Heating coils submerged in water, condense 
five times the amount of steam that ordinary radiators 
do and need a larger trap than the size of the coil. The 
reason is explained in the chapter on “Steam Traps” and 
need not be repeated. On all such troubles follow the in- 
structions given in the chapter on steam traps. 

Often several pieces of equipment using steam are con- 
nected together into one trap. This is alright when such 
an equipment is operated at different times. When oper- 
ated at the same time one trap should be used for each 
piece of equipment. The placing of check valves does not 
help matters because with equal pressures water must pile 
up ahead of the check valve in order to open it, as explained. 
in Figure 18, Most of the time there is more coil surface 
im one apparatus than in the other or more friction loss, 
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and consequently the pressure is less on ‘the return of the 


apparatus having more coil or a greater fuiction loss. This — 


lesser pressure is unable to open the check valve against 
the greater pressure, or if no check valve is present, the 
coil with the greatest pressure backs the condensation into 
the coil with the lesser pressure. On all high-pressure coils 
a thermostatic trap should not be used because of the high 
temperature of the condensation and fact that thermo- 
static traps open only a fraction of the full opening, not 
enough to discharge all the condensation unless a long 
cooling leg is provided ahead of the trap. Small float 
traps are more desirable on high-pressure work. 





CHAPTER XXI 


THAWING UNDERGROUND PIPES BY ELECTRICITY 


Frozen pipes underground have always presented a diffi- 
cult problem to engineers, heating and plumbing contrac- 
tors, and in many cases have proved very costly to the 
owner of a building. The excessive cost of such a job raises 
the question: Is there no better and cheaper way to thaw 
pipes than to dig them up? Many times after a pipe has 
been dug up at a great expense it is found that it is not 
frozen at all where the ditch has been dug, and further 
digging becomes necessary, increasing the expense consider- 
ably. After a trench has been partly dug and cannot be 
completed the same day, should a heavy frost set in during 
the night, further freezing of the pipe takes place due to 
the exposure of the pipe in the trench. 

There is nothing more simple than the thawing of the 
pipe with electricity from the 110-volt light circuit, either 
alternating or direct current. In the country districts or 
smaller cities, where the high tension lines are available, 
current up to 2500 volts can be employed with perfect 
safety. When the pipes have to be thawed out on a farm 
where a 32-volt lighting plant is installed, this current 
may also be used just as efficiently as any other current. 
Tt is not the high voltage in thawing that counts, but the 
amperes going through the pipes that bring results. The 
old methods used for years by our forefathers, namely, the 
pick and shovel method of digging up the pipe or the hot 
water method on the outside of the pipe and the dangerous 
torch, soaked in gasoline or coal oil, should be abandoned. 
These methods are wasteful and costly and many fires can 
be traced to the torch used for thawing purposes. 
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THE ELECTRIC THAWING OUTFIT 


The ideal method of thawing frozen water, steam or air’ 
pipes, in fact any frozen pipe, whether above or under- 
ground, is undoubtedly by electricity. This method has 
the advantage over the usual method pursued, because it 
consumes less time and labor. In a few ininutes a few 
hundred feet of pipe underground can be thawed out 
which would have taken at least three or four days to 
dig up. Electricity can be used on any pipe as long as the 
pipe is metal. Lead, iron, copper, steel, brass or any other 
kind of pipe can be thawed out by the use of electricity with- 
out any danger to the pipe. By the use of electric current, 
pipes can be thawed out in places that often cannot be 
reached by other methods. In our present fireproof build- 
ings a great many pipes are concealed in concrete floors 
and in walls, and these can be readily thawed without dis- 
turbing the pipes or concrete in any way. The question 
as to the cost of the outfit necessary can best be answered 
by the statement that such an outfit will pay for itself on 
the first two or three jobs. The outfit is so simple that it 
will last for twenty or thirty years if given reasonable care. 
The time of thawing various sizes of pipes is given in the 
following table. 


TABLE LVIII 
Time oF THAwina on Tren Dirrerent Jops, WHERE 


UNDERGROUND Service Piers or Various 
DtaMeTers Were THAWED. 





Length of 
pipe thawed 
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The longest thawing job of which the writer has a record 
is of one where 250 feet of 2 inch pipe were thawed in 65 
minutes at the current consumption of 184 amperes. An- 
other job of 34 inch pipe, 500 feet long, required 45 
minutes, using 220 amperes of current. ‘The following 
table shows the length of time and current consumption 
on various sizes and lengths of service pipes which were 
thawed underground. 


TABLE LIX 


Size AND LENGTH or Prez, THAWING TIME AND 
CurrENT CONSUMPTION 





K.W. 
Size Length of Time required ‘ 
of Pipe pipe in feet in min. — 
A CEE EE EOOROC 120 feet.......... 15 min ire toe ee 4 
Me a Sana tid doe e's esis 125 feet.......... 80 min...s..issee0 if 
Re oes elas fu5 8 Sa tare 100 feet.......... T2mMIRAs sweetie 16.5 
>, SPY Ce eee 250 feet.......... 20 min........006 3.3 
Fe ois ar gareea welts: 250 feet........-. 20. MAN.. ica dce ss 6.9 
We gs ep.2'o ae sisewsee te 6 700 feet.......... 800 miiti.s si sigeatos 26.8 
DREN git. od igals veers e'd 75 feet.......... 80 min. . (556554 10.1 
Ei Maeky oi ego k dsyesiebh 100 feet.........-. 30 min. <.i<sa oseie 9.8 
GLE 50.6 oo hwcee ws pees 1300 feet.......... 180 min........... 42 ~ 
GONE ia gs wise tar geate tess 1 block ........ 60 min... Fsas ams 75. 





The cost per KW hour can be easily figured from the 


formula 
Volt  Amperes 


746 
for instance, if the electric light current is used to thaw 
the 34 inch pipe, 500 feet long, requiring 45 minutes, 
using 220 amperes, we have the following quotation : 
110 Volts X 220 Amperes 
746 
or 32.4 KW at a cost of 5 cents per KW, the cost of the 


i i i 62 per hour. 
thawing of the pipe will be 32.4X.05 or $1.62 p 
In the aon case it required only 45 minutes to thaw the 
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pipe so that the cost was $1.21 for the electric current, plus © 


the labor charge. 


On another job electric current costing 8 cents thawed 
a 34 inch pipe (lead service) 75 feet long in three minutes. 
Thawing by electricity is not only simple, but less expen- 
sive than any other method, at the same time absolutely 
safe. Any man, even the most inexperienced, can handle 
the outfit, and the need of an experienced electrician is 
unnecessary. You will note from the following descrip- 
tion of the apparatus and the- method of handling it, to 
accomplish quick and satisfactory results that it is simple 
and easily understood. It is no more dangerous to handle 
this outfit than it is to handle an incandescent lamp. The 
entire weight of the apparatus varies from 75 to 150 
pounds. It is generally assumed that an electric current of 
2000 volts or more is necessary, but this assumption is 
erroneous. While high potential currents may be used 
when no other current is available, it is not necessary. It 
takes only 110 volts, such as used for lighting, to thaw a 
pipe, and even this voltage is reduced from 110 to 50 volts 
on large pipes. When the pipe is small and short, 11 volts 
are sufficient. It is not the voltage that performs the work, 
but the number of amperes going through the pipe. An 
ordinary electric incandescent light requires one-fourth of 
an ampere to heat the filament, but to thaw a pipe it 
requires from 60 to 400 amperes. If one-fourth of an 
ampere heats the filament to incandescence, the reader can 
readily understand what heat will be produced by 250 
amperes, which is the average used for thawing. Referring 
to the Figure 74, the two wires C’ shown attached to the 
box on top, are connected to the service line or the switch 
box A in the building. The current passes through the 
transformer D and is reduced to 50 volts in the larger 
outfits and 11 volts in the smaller ones. This low voltage 
current is available at the two wires @ and F projecting 
on the right hand side of the transformer casing. To these 
supply wires the heavy wires are attached which lead to 
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the frozen service line, one being attached to the pipe in . 


the basement and the other to the wrench shown in Figure 
74, which is pushed down the curb-box and clamps tight 
over the T-handle of the curb-cock N in the same manner 
as the shut-off key. Figure 74 shows these connections. 
A represents the switch box or fuse box as the case may be, 
to which the two lead wires C are connected. If desirable, 
these wires C’ can be connected direct to the service wires 
from the poles (shown at B). The letter D represents the 
transformer. G@ and F are the two lead wires to which the 
cables are attached. Cable G@ leads to the pipes to be 
thawed and is shown clamped to this pipe at Z. Cable F 
leads to pipe H which is clamped to the curb-cock NV in 


casing L by means of clamp M. This clamp is of the spring - 


type and will stay in place without being fastened. Cable 
I’ is clamped to the wrench at K by a screw. The action 
is as follows: When the switch is closed, the 110-volt cur- 
rent flows through the wires CC to the transformer D and 
is reduced to 11 volts in the small outfit or to 50 volts 
in the larger units. The small unit will thaw pipes up to 
1% inches and the larger unit up to 8 inches. One of the 
lead wires, G; from the transformer being connected by 
clamp J to the service pipe in the basement, which is frozen 
underground, conducts the current to this pipe. Lead wire 
F from the transformer, being connected to the hollow pole 
H which carries a wire inside conducts the current to clamp 
M connected to the curb-cock N, thus forming a circuit 
and the electric current flows from point E through the 
frozen pipe P and the curb-cock N up the pipe H and back 
to the transformer D, completing the circuit, thus heating 
the frozen surface pipe P in the same manner as the electric 
light current heats up an electric iron. 

If the pipe is between the house and the garage or any 
other place, the connection is made in the same manner 
as shown at #, and the wire F is connected to the faucet 
or pipe in the garage. It does not matter where the wires 
are fastened as long as they are connected on both ends 
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of the pipe with the frozen end of the pipe between the 
two connections. If no curb-cock is present, wire 7 may 
be connected to a fire-plug or main shut-off valve, if more 
convenient, as long as the current flowing through line F 
reaches the frozen service line. The shorter the distance 
between # and M the quicker the results. If the wire PF 
has to run a half block or more to the fire hydrant it will 


take longer to thaw pipe P. 

















CHAPTER XXII 


PIPE COILS, TRAPS AND PIPE JOINT CEMENT, 
WEIGHTS AND MEASURES 


When pipe coils are installed for warehouse heating or 
other purposes, they do not give entire satisfaction in many 
cases due to the fact that the connections to and from the 
pipe coils have not received the attention they deserve. It 
is generally assumed that if steam is connected to one side 


gfe 


Figure een. Connection to Coil Header when the Coil Con- 
tains more than Six Pipes, 


of the inlet header and a trap to the outlet header, the 
coil will heat properly. While this may be true of small 
coils when the supply line to the coil is of sufficient size, 
it does not hold good on large coils, because of the increased 
condensation taking place in large coils. 
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When the heating coil contains more than six pipes 
it is necessary that the steam connection to’ this heating 
coil be adequate, and in all cases the size recommended in 
the foregoing paragraphs should be used. The connection 
to the inlet header should be made from both sides, as 
indicated in Figure 75. The connection to the outlet 
header should be made by means of a trap of sufficient ca- 
pacity to take care of the increased condensation which 
takes place on all coil work. A large extension should be 
made from the discharge header as indicated on Figure 76. 





DIRT POCKET Fs 
TO RETURN LINE 


Figure 76.—Trap Connection on Vertical Coil Containing more than 
Six Pipes. 

On this large extension a tee should be installed, into the 
side outlet of this tee the trap should be connected, and 
on the bottom of the tee a 6 inch dirt pocket with a cap 
‘on the bottom should be installed. This dirt pocket will 
prevent any sediment from lodging in the trap. On coils 
having more than six pipes, a 34 inch trap should be used, 
and when such coils exceed ten pipes, a 1 inch thermostatic 
trap is necessary for proper operation. 

When coils are located horizontally, for instances on 
ceilings, it is hard in many instances to pitch these coils 
properly, particularly if they are very long, so that the 


PIPE COIL TRAPS 
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condensation may be removed readily. In such instances 
the return header should be supplied with two connections, 
as shown on Figure 77%. This connection will facilitate the 
rapid removal of the condensation from the return header 
and consequently from the pipe coils, which, in turn will 
allow the coils to heat up evenly. The same rules as given 
above in connection with the coils described should be 
followed. In order to avoid trouble it is well to install a 
gate valve ahead of the trap, as shown on Figure 77%, so 
that the trap may be cleaned and the thermostatic disc 





7O RETURN LINE 

Figure 78.—Trap Connection on Horizontal Coil with Six Pipes 

or Less. 
removed during the heating season without shutting the 
steam off the coils. 

When horizontal or ceiling coils containing six pipes or 
less, are installed, one trap connection, as shown in Figure 
78, may be used, but in this case the return header, in 
fact the entire coil, should be pitched towards the trap. 

Under no circumstances and conditions should a small 
pipe, the same size as the trap, be placed in the return 
header. A small pipe will remove the condensation as 
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rapidly as it is formed because the cooling area is not 
sufficient to reduce the temperature of the condensation 
sufficiently for the trap to handle it. In many instances 
long lengths of pipe are installed to provide the necessary 
cooling area and the trap is placed some distance away. 
The larger connection will serve the same purpose and also 
provide a reservoir ahead of the trap. 


PIPE COIL TRAPS FOR LOW-PRESSURE HEATING MAINS 


The proper functioning of pipe coil traps on low-pressure 
heating jobs has given rise to much misunderstanding. It 
is assumed if a two, four or six-coil trap is installed on 
the drip pocket of a heating main, that this trap will serve 
efficiently in removing the condensation from the heating 
main. Figure 79 shows such a coil. The 8 inch heating 
main drip pocket shown is connected by means of a cap to 
the coil trap. It does not matter whether the coil is below 
the heating main or extends as indicated in Figure 79. As 
long as the pressure is low this coil trap will serve the 
purpose, but when the pressure increases, all the condensa- 
tion will be blown from the coil trap. 

Assume that the coils are 4 feet high. In other words 
the distance indicated by the letter H is 4 feet. It must be 
remembered that one pound of pressure is equal to a 
column of water 2.3 feet high. Let us say that one pound 
pressure is equal to a water column 2 feet high. This 
figure is generally taken by the heating men as being the 
easiest to use. As long as we have a pressure of less than 
2 pounds on the heating main, our coil trap will serve its 
purpose, but should extremely cold weather demand a 
steam pressure of 3 to 4 pounds, this pressure will blow 
the water out of the coils and steam will flow from the coil 
discharge. The writer has seen various coils installed and 
in many cases 12 or 14 such coil sections were placed below 
the heating main drip pocket. It is erroneously assumed 
that the more coils you install the greater pressure 
you are able to carry without blowing the condensation 
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from the coils. It does not matter how many coils are 
installed as long as the height is not increased sufficiently 
to counter-balance the pressure carried on the heating 
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Figure 79.—Coil Trap for Low Pressure Heating Mains. 





main; the condensation will be blown from the coils. For 
every pound of pressure carried on the heating main a 
height of 2.3 feet is required. If the maximum pressure 


PIPE COIL TRAPS’ 259 


carried on the heating main in cold weather is 6 pounds, 
then the length or rather the distance A, Figure 79, must 
be 13.8 feet. If the maximum pressure carried on the 

ate f}-——-_ 12” 


© 





Figure 80.—Pressure Equal in Both Pipes. Water Level Same 
Height in Both Pipes. 
heating main is 10 pounds then the distance A or the 
height of the trap coil must be 10 times 2.3 or 23 feet. 
Tt does not make any difference how many coils are in- 
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stalled. Two or three coils are sufficient to seal the heating 
main. (See Figure 80). 

On the left hand side of this figure you will note a 1 inch 
pipe B, and this pipe is connected to a 12 inch pipe marked 
A on the right hand side. Both pipes are filled with water 
and the water level is 10 feet measured from the top of the 
pipe connecting the 12 inch pipe with the 1 inch pipe. The 
pressure per square inch is the same in any size pipe as long 
as the height of the water column is the same. If a gauge 
is attached to both pipes as shown at C and D and water 
level # is the same in both pipes, then both gauges C' and 
D will show exactly the same pressure. It is true, of course, 
that the weight of the water in pipe A is greater than the 
weight of the water in pipe B. But the weight of the water 
has nothing whatsoever to do with the pressure of the 
water per square inch, and this is the principle that we 
must observe when constructing coil traps for heating 
mains. It is not the weight of the water in the coil but 
the height of the coil that governs trap installations. 

What takes place when the pressure increases on the 
heating main is this: Let us assume again that distance A, 
Figure 79, is 4 feet and the coils are filled with water, also 
the heating main up to the underside of the return bends 
shown on top. Let us also assume that 1 pound pressure 
will sustain a column of water 2 feet high. When 2 pounds 
of pressure is carried on the 8 inch heating main, this two 
pounds will force the water out of the drip pocket and 
the pipe underneath the drip pocket, also out of the con- 
necting nipple between elbow A and B, and up pipe C, 
over into pipe D, etc. The movement of the condensation 
in the coil will proceed through all the rest of the coils 
until the water is forced out of pipe # into the sewer. 
The reason for this action is clearly shown in Figure 80. 

It is apparent, therefore, that no matter how many coils 
are installed, the water will be forced out of all coils when 
sufficient pressure is present to lift the water over the first 
return bend. 
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If not sufficient height is available to install coils of 
sufficient length, as explained above, to sustain a column of 
water equal to the maximum pressure carried on the heat- 
ing system, it is far better to install a low pressure trap 
to take care of the condensation. 


PIPE JOINT CEMENT 


A much tighter joint can be made and one that will 
hold tight much longer than the joint made with ordinary 
dope, such as red or white lead, by the use of zinc dust 
and cutting oil, or lead filings and oil. A test conducted 
by the Bureau of Standards, Washington, D. C., proved 
that a joint made up with zinc dust was tight under a 
water pressure of 8500 pounds per square inch immediately 
after the joint was made up, while joints made up with 
red or white lead, leaked at a very low pressure even after 
214 weeks were allowed for them to set. 

These materials are easy to obtain and are surely worth 
while using. Joints made up with zinc or lead dust will 
unscrew more readily than when made up with any other 
pipe dope. 

WEIGHTS AND MEASURES 


All weights and measures given in this book are United 
States standard. In order that all the information given 
may be readily converted into British standards or to the 
metric system, we give below Table LX, which shows the 
equivalents of the different standards above mentioned. 
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TABLE LX 


WEIGHTS AND MEAsuRES 


UNITED STATES STANDARDS 


1728 cu. in. equals 1 cu. ft. 

pints equal 1 qt. or 67.20 cu. in. 

quarts equal 1 gal. or 231.0 eu. in. 

gal. water at 62° F. weighs 8.3356 Ibs. 

cu. ft. of water at 62° F. equals 62.355 pounds. 
lb. per sq. in. equals 144 Ibs. per sq. ft. 

Ib. per sq. in. equals 2.309 ft. of water at 62° F. 
lb. per sq. in. equals 27.71 in. water at 62° F. 
oz. per sq. in. equals 1.732 in. water at 62° F. 


BRR Re EER 


FRENCH AND BRITISH MEASUREMENTS 


British gal. equals 4.548 litres. 

United States gal. equals 3.785 litres. 

British gal. equals 277.274 cu. in. of water at 62° F. 

British gal. weighs 10 Ibs. at 62° F, 

British heat unit .252 calorie. 

British heat unit per sq. ft. equals 2.718 calories per sq. 
meter, 

lb. per sq. in. equals 0.70307 kilograms per sq. centimeter. 

Ib. per sq. in. equals .7031 grams per sq. millimeter. 

Atmosphere (14.7 Ibs.) equals 1.0835 kilograms per sq. 
centimeter. 

inch equals 25.4001 millimeters. 

inch equals 2.540 centimeters, 

in. equals 0.0254 meters. 

ft. equals 0.30480 meters. 

sq. in. equals 645.16 sq. millimeters. 

sq. in. equals 6.452 sq. centimeters. 

sq. ft. equals 0.0929 sq. meters. 

cu. in. equals 16,387.2 cu. millimeters. 

cu. ft. equals 0.02832 cu. meters, 

quart equals 0.94636 liters. 

gal. equals 3.785438 liters. 

Ib. equals 0.45360 kilograms. 

kilogram equals 2,.2-+ lbs. 

liter equals .2642 gallons. , 

liter equals 2.202 Ibs. of water at 62° F. 

cu. in, equals 16,8872 cu. centimeters. 
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CHAPTER XXIII 


VENTILATION 


Many theories have been advanced on the important 
problem of ventilation and many different opinions and 
ideas have been tried out, yet it seems that even today we 
are not sure as to the proper method to pursue. For a 
number of years forced ventilation has been used in school 
houses and large buildings with seemingly satisfactory 
results. Several universities as well as the American 
Society of Heating & Ventilating Engineers, also various 
manufacturers, have continuously experimented in order 
to improve and find the best method of heating and ven- 
tilating rooms and buildings. 

There are a number of underlying principles that seem 
to have been proved to be correct and a number of others 
that are in question. In fact the entire situation as it 
exists today is in a state of turmoil. The New York State 
Commission on Ventilation did not have time and suffi- 
cient money to complete its work started several years ago 
and it is to be regretted that thiseis so. The American 
Public Health Association discussed forced ventilation at 
its session in St. Louis in 1925 and passed a resolution 
against fan ventilation, strongly favoring window ventila- 
tion in connection with direct heating. The writer believes 
that this move by the American Public Health Association 
is entirely wrong and cannot agree with them because a 
number of tests made with window ventilation in school 
rooms and office buildings have proved that window ventila- 
tion cannot be successfully carried out because the cold air 
admitted to the window drops immediately to the floor and 
causes discomfort to the occupants of the room. Let us take 
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for instance a school room in which twenty to thirty chil- 
dren are seated. If we open the top window three or four 
inches at zero weather outdoors, the incoming air will be 
zero. This zero air will drop down to the floor and cool 
the lower strata of air in the room considerably. Those 
close to the radiator, which is located underneath the win- 
dow, will be subjected to approximately 90° temperature, 
while the temperature at the floor level will be 60° and the 
temperature of the breathing line 70° and the ceiling 


temperature 80°. In other words, with window ventilation: 


it is entirely possible to have a difference of 15 to 20 
degrees in the room. The inrush of the cold air will be 
greater if the prevailing winds are blowing in the direction 
of the open window. 


The radiator underneath the window will help materially 


to increase the circulation, also the draft around the feet |! 


of the pupils in the room. The American Public Health 
Association suggests that flues be established in the walls to 
carry off the foul air. It is a well known fact that any 
flue or chimney will not move any air unless the air inside 
of the chimney or flue is warmer than the air around the 
outside. Should the temperature on the outside increase, 
and approach close to the temperature on the inside, the 
chimney will have no draft at all and no circulation will 
take place through the chimney or flue. 

In order to create draft in the flue we must expend heat 
to de this. It has been proved conclusively that air can be 
moved cheaper by means of a mechanical ventilating fan 
or unit, than by means of expending heat in order to move 
a current of air up the chimney or ventilating flue. Such 
flues, if they extend beyond the roof of the building, are 
often handicapped by the wind blowing into the top of 
them, thus preventing the free circulation of air upwards. 
The facts above explained seem to disprove ‘the statements 
of the American Public Health Association, that the opera- 
tion of ventilating fans is wasteful as compared with the 
cost of ventilating by gravity vent flues. The writer tried 
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last winter to follow the method suggested by the American 
Public Health Association in his own home and must 
admit that he failed to accomplish anything. In fact, 
after a five days’ trial, which was undertaken with all sin- 
cerity in order to prove conclusively that window ventila- 
tion is possible, this method was abandoned entirely. 
Thermometer readings when the window was opened three 
inches on the top showed 62° at the floor, 70° at the breath- 
ing line, and 79° at the ceiling, while when the windows 
were closed the thermometer on the floor registered 68°, 
at the breathing line 70°, and at the ceiling 74°. These 
tests were conducted with every possible attention, in fact, 
so much attention was required that the writer feels confi- 
dent that no teacher or employee will be capable of giving 
half the attention to window ventilation that the writer 
did during the test. 


During the last six or eight years forced ventilation, 
which means ventilation by fan, has been improved rapidly, 
and heated air for schools, theatres, office buildings, ete. is 
circulated throughout the building very economically. A 
number of tests have been made to establish a certain 
velocity, but such tests have not been finished and therefore 
it is impossible to give a velocity that may be accepted 
without drafts in all cases as standard. All heating and 
ventilating units, particularly those in the large buildings, 
school houses and theatres are equipped with an air washer. 
Such air washers are installed ahead of the indirect heating 
coil and the air is passed through a sheet of water which 
washes the dirt and impurities from the air, allowing noth- 
ing but the pure air to pass into the fan chamber. In 
many cases the air is preheated before passing through the 
air washer. 


HEATING AND COOLING A BUILDING WITH THE 
SAME APPARATUS 


During the last year, a number of installations have 
been made, all of which are operating very successfully, in 
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which the air discharged by the fan is cooled during the 
summer months. This is accomplished by the installation 
of a small refrigerating unit in which the water used by the 
air washer is cooled to a temperature of 34 to 36 degrees, 
and the air has to pass through this cold water before it 
is admitted to the fan to be discharged into the rooms. 
Such installations have given very good results and, par- 
ticularly in theatres, have paid for themselves in a compara- 
tively short time. In this manner the air in the theatre 
during the summer months may be lowered to 66°, 68° or 
70° at the will of the operator. In order that this tempera- 
ture may be kept uniform a temperature control valve is 
installed on the ammonia coils to control the flow of the 
ammonia which cools the water. When the temperature 
is too low the ammonia is turned off automatically and 
when the temperature is too high the ammonia expansion 
valve is opened automatically to reduce the temperature of 
the water, 

In some cases carbon dioxide (C O,) is used in place of 
ammonia. The control of this carbon dioxide is exactly the 
same as that of the ammonia. The amount of air dis- 
charged into theatres usually amounts to 25 cubic feet per 
person per minute and this amount has proved very 
satisfactory. 


VENTILATING KITCHENS, RESTAURANTS, LAUNDRIES, 
OPERATING ROOMS, ETO. 


In many of the above mentioned places fans are installed, 
either stationary, attached to the ceiling, or placed on a 
wall bracket or revolving fan. Such fans do not ventilate 
the room in which they are installed; they merely cause 
the rapid circulation of the air in the room at an increased 
velocity. In other words they create draft without adding 
_ any fresh air to the room. 

A far better method is to install fans in the wall or in a 
window opening. Fans so installed may either draw the 
foul air and hot air from the room, or bring fresh air into 
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the room. In many cases it is advisable to install a re- 
versible motor so that both may -be done with one fan. 
Such fans are becoming more prominent and several varie- 
ties have been placed on the market in the last year. By 
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Figure 81.—Ventilating Fan in Outside Wall and Proper Air 
Discharge. 


simply turning a switch the motor will be operated in either 
direction, bringing fresh air in from the outside when de- 
sirable, or discharging foul air to the outside when neces- 
sary. When such fans are installed care should be taken 
not to place the fan on the side of the building facing the 
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prevailing winds of that locality (See Table VI). The 
reason for this is illustrated in Figure 81. The arrow 
points in the direction of the prevailing winds. If you 
will consider for a moment that the discharge pipe shown 
in Figure 81 is removed, then the wind will blow directly 
against the fan located on the inside of the building, and 
it is evident that this fan will not discharge as much air 
from the building as it should. The importance of consider- 
ing the prevailing winds will be appreciated when you 
study the pressure table given below which gives the wind 
velocity in miles per hour, also in feet per minute and the 
force of the wind in pounds per square foot against the fan 
discharge opening 


TABLE LXI 


Force or WInpD 





Miles Feet Force in Lbs. 

per Hour per Minute per Sq. Ft. 
Perceptible ................ 2 176 .020 
Light Breeze ............... 4 352 079 
Pleasant Breeze ............ 10 880 -492 
Brisk Wind ............... 20 1760 1.960 
HIgh WANG ooo sce e vies scece 30 2640 4.400 
BLORTIG oth Sale ece sa kas suse 50 4400 12.300 


a 

It is evident when the foregoing figures are taken into 
consideration that a fan, installed in the wall or a window, 
the outlet facing the prevailing winds of the locality, can- 
not discharge its full capacity of air. Let us take, for 
instance, a pleasant breeze of ten miles per hour with a 
velocity of 880 feet per minute, blowing against the fan 
outlet, exerting a pressure of almost 44 pound per square 
foot against the air discharged. It is apparent that the 
fan is unable to discharge its full volume of air from the 
room to be ventilated and the result is unsatisfactory 
ventilation and in many cases condemnation of the fan. 

A remedy for this condition is to install a discharge 
pipe as shown in Figure 81. This pipe should be carried 
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_ up not less than 16 feet and protected on the side of the 


prevailing winds. 

Another point seldom taken into consideration is. the 
fact that when a fan is installed in the wall or window, for 
instance, in the kitchen where the fan is called upon to 
move 5,000 cubic feet of air per minute, we must provide 
am opening in the opposite wall of the room to supply this 
5,000 cubic feet of air per minute. If this is not taken 
care of improper ventilation will be the result. The fan 
cannot draw sufficient air through the kitchen to accom- 
plish perfect ventilation. This air need not be taken from 
the outside, but may be secured from adjoining rooms or 
by opening a door leading into a corridor. In other words, 
we must provide by some means the same amount of air 
that the fan discharges in order to secure perfect 
ventilation. 

One more point and one of the most important points in 
ventilation is the fact that a great many employees every- 
where are under the delusion that when a fan is running 
and the windows are open on the side of the room on which 
the fan is located, there will be better ventilation. This 
is absolutely wrong. If the window in the same wall on 
the same side of the building on which the fans are lo- 
cated are opened, the fan will draw the air from the win- 
dow in place of drawing it through the room, and the 
result, of course, will be no ventilation at all for the room. 
This is illustrated in Figure 82. The fan is located between 
the two windows and both windows are open from the 
top. The fan draws the air from both window openings, 
as indicated by the arrow, and discharge this air to the 
outside. No circulation whatsoever takes place through 
the room, therefore, no ventilation exists. When a room 
is ventilated by means of a fan, all windows on the same 
side where the fan is located must be kept closed per- 
manently, and only windows or doors on the opposit side 
from the fan should be opened to admit the necessary air _ 
for proper ventilation. 
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Restaurants and kitchens require a complete air change 
once every two to five minutes, depending on the size of the 
kitchen or restaurant. In a great many of these, fans are 
installed entirely too small to move the necessary amount 
of air and therefore no ventilation exists. In many cases 
it has been found that the fan installed does not move even 
one fourth of the air necessary for proper ventilation. The 





Figure 82.—This Fan Located as Shown (Near Open Windows) 
has no Effect upon Ventilation. 
most important thing is the calculation of the cubical con- 
tent of the room to be ventilated. This process is simple 
and easily understood. Let us assume that a kitchen 
measuring 50 feet in length, 30 feet in width and 14 feet 
in height is to be ventilated. Multiplying these figures, 
namely 50X30X14 we have 21,000. This figure repre- 
sents the cubic feet of air in the kitchen. (For various 
other sizes of rooms, see Table IV). Good practice has 
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taught us that in kitchens particularly we require a com- 
plete air change once every three minutes. Dividing 21,000 
by 3, we obtain 7,000, which means that we must move 
7,000 cubic feet of air every minute. A fan must be 
installed capable of discharging this amount of air per 
minute. 

The speed of ventilating fans should be from 500 to 650 
revolutions per minute. A fan capable of moving 7,000 
cubic feet per minute at the speed above mentioned, has a 
propellor diameter of 30 inches. It is evident that perfect 
ventilation cannot be accomplished if the fans installed are 
too small. 

If fans are to be installed for class rooms, lecture halls, 
churches, etc., they must be of sufficient size to supply 
each occupant with 30 cubic feet of air per minute. This 
figure has been used for years by the best engineers in the 
country and may safely be taken as a standard amount of 
air per occupant. It is possible, in some cases, to reduce 
this amount, but not advisable as a rule. 


HOSPITAL VENTILATION 


The most particular place to ventilate is a hospital, be- 
cause the patients are scantily clad and ventilation to be 
a success in a hospital must admit sufficient air for proper 
ventilation without causing drafts. Likewise the foul air 
must be removed, also without causing drafts. Extensive 
investigating of a number of hospitals in which forced 
ventilation was used, also gravity ventilation, showed that 
drafts were prevailing in every case investigated. In one 
new hospital four exhaust fans only were used and these 
were placed in the attic and connected by means of ducts 
to the various patients’ rooms, kitchen, laboratory, operating 
room, store rooms, etc. One fan was installed to handle 
the kitchen which was centrally located in the base- 
ment. In this kitchen hoods were installed over the stove, 
dishwasher, bake oven, and steam-operated kitchen equip- 
ment and each hood was equipped with a damper permit- 
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ting the fans to draw 350 cubic feet per minute from the 
hood. In addition to this, various grill openings existed 
in the ceiling over preparation tables, steam tables, etc., 
through which 150 cubic feet of air per minute were drawn. 
The results were so satisfactory that the kitchen odors, 
such as onions and cabbage odors could not be detected out- 
side of the kitchen, and never penetrated to any of the 
floors above. 

A separate fan was installed for the operating room, one 
for the patients’? rooms and another for the toilets. The 
entire arrangement worked out so well that no drafts 
were present at any time throughout the institution. Sixty 
cubic feet of air per minute were removed from every 
patient’s room without causing the slightest inconvenience 
to any patient. In wards where five or six patients were 
located, two or three openings were provided and the same 
satisfactory results were obtained. The air filtered in 
through the corridors and open windows at the ends of the 
corridors so gradually that no drafts were present any- 
where. This system has been in operation over three years 
with very satisfactory results. The heating of the entire 
hospital is by means of direct radiation and from 2 to 4 
inches of vacuum is carried on the supply side of the 
radiator and 6 to 8 inches of vacuum on the return line. 

To simplify the duct system a damper is installed over 
the register in every room and this damper was set when 
the system was started to draw 60 cubic feet per minute 
from the room. All fans used are slow-speed fans and the 
air is discharged into a chamber on the roof. 
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